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WIND-TUNNEL TESTS OF THE STATIC AND DYNAMIC STABILITY
CHARACTERISTICS OF FOUR BALLISTIC RE-ENTRY BODIES* Y

By William R. Wehrend, Jr., and David E. Reese, Jr.
SUMMARY

The static and dynamic stability characteristics of four ballistic
re-entry type configurations were studied. These bodies were a 20°
semivertex-angle cone, the same 20° cone with a rounded tip, a paraboloid
of revolution, and a truncated cone with a spherical-segment nose. In
addition to the four basic nose shapes, tests were conducted of each
body with one or more afterbodies.

The Mach number range for the test was from 0.65 to 2.20 and the
angle-of-attack range from -4° to0 +21°. Presented are measurements of
the normal force, axial force, and pitching moment from the static tests,
and the damping-in-pitch moment from the dynamic tests.

The results of the damping-in-pitich tests were compared with theory.
The 'data for the sharp cone were compared with a combination first- and
second-order linear theory, and data for all four configurations were
compared with Newtonian impact theory. The agreement between the cone
data and the linear theory was good in the high Mach number range. The
high Mach number data for the sharp and blunt cone agreed well with
impact theory but the paraboloid and truncated cone did not give good
agreement.

The results of the damping-in-pitch tests for the models with the
afterbodies showed that the addition of the afterbodies caused an unstable
shift in the damping curves.

*Title, Unclassified
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INTRODUCTION

One of the problems of designing a shape suitable for ballistic
re-entry is that of obtaining sufficiently high drag to minimize heating
difficulties without adversely affecting the dynamic stability. One
indication of the dynamic stability is the damping in pitch. In addition,
it has been shown in reference 1 that the dynamic behavior of a re-entry
vehicle is also a function of the static forces and moments. For example,
in the case of a very blunt shape, the lift-curve slope may be negative,
thus aggravating a condition of low or unstable damping. Consequently,
the present investigation of the four ballistic re-entry bodies included
a study of both the damping in pitch and the static forces and moments in
order to enable as complete an understanding of their dynamic behavior as
possible.

The bodies chosen for the investigation were selected for two reasons:

first, for general information on the dynamic stability of some high-drag
configurations that might be suitable for a re-entry vehicle, and second,
for a comparison with the damping-in-pitch theories of reference 2. 1In
reference 2, two theories to estimate damping in pitch were presented
that would apply to some nonslender bodies of revelution. The principal
theory was a form of linear theory and this, of course, can only apply
to sharp-nosed bodies in the supersonic speed range. The other was
Newtonian impact theory which can apply to both pointed and round-nosed
bodies. For comparison with the linear theory, data were obtained on a
20° semivertex-angle cone. The remaining bodies were a 20° semivertex-
angle cone with a round nose, a paraboloid of revolution, and a truncated
cone with a slightly rounded nose. Data for these bodies were compared
with impact theory. The M.ch number range for the tests was from 0.65

to 2.20.

SYMBROLS
Ca axial-force coefficient, axial force
(1/2) ov®s
CAb base axial-force coefficient, base axial force
| (1/2) pV®s
‘D drag coefficient, $L28 force
(1/2) pv®s
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CL,

D

reduced frequency, —

TR

1ift force
(1/2) ov®s

1lift coefficient,

acC
lift-curve slope at zero angle of attack, T;L’ per radian
a

pitching moment

(1/2) pv®SD

pitching-moment coefficient,

oCpy . oCp
3(gD/V)  d(&D/V)

damping-in-pitch coefficient,

, per radian

3y

pitching-moment curve slope at zero angle of attack, ——,
per radian oa

normal force

(1/2) pv®s

normal-force coefficient,

oCy

normal-force curve slope at zero angle of attack,
per radian @

2

body base diameter

body length

Mach number

pitching velocity

Reynolds number based on D

2
base area, Eg— P

AN



t time .
Vv free-stream velocity

a angle of attack, deg

& d

variation of angle of attack with time, a%, radians/sec

an nominal angle of attack, deg A
2
9
o] alr density i
o radius of gyration
w circular frequency of oscillation, radians/sec
APPARATUS

Wind Tunnel and Balances

The tests were performed in the Ames 6- by 6-Foot Supersonic Wind
Tunnel. This wind tunnel is a closed-circuit variable-density type with
the floor and ceiling perforated to permit testing at transonic Mach
numbers. The Mach number range is from 0.65 to 2.20.

The static forces and moments were measured by means of a conven-
tional six-component strain-gage balance. The models and balance were
mounted on a 3-1/4-inch-diameter sting. A typical installation is shown
in figure 1(a).

In the damping-in-pitch tests a single-degree-of-freedom forced-
oscillation system was used which permits a small amplitude of oscillation.
A similar system is described in reference 3. The balance itself is
essentially a set of crossed flexures which act as a mechanical spring
and also fix the oscillation axis of the model. The model is driven by .
an electromagnetic shaker and oscillates at a constant amplitude and at
the natural frequency of the system. The models were sting-mounted as
shown in figure l(b). The sting is 2 inches in diameter and has a pair e
of stiffener plates positioned perpendicular to the oscillation axis of
the model. The plates are required to minimize sting motion.
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Models

The four basic configurations used in this investigation were a
20° semivertex-angle cone, the same cone with a round nose, a paraboloid
of revolution, and a 30° semivertex-angle truncated cone with a slightly
rounded nose. The nose shapes remained the same for all of the tests,
but a series of modifications were made to the flat base of each model.
Sketches of the model configurations are shown in figures 2(a) and 2(b).

The base modifications to the 20° cones were spherical segments
attached to the model base (see dashed lines in fig. 2(a)). The purpose
of the spherical bases was t0 minimize the effect of the flat base on the
damping in pitch and to permit the measurement of the forebody damping.
Choosing the radius of the sphere so that its center coincided with the
moment center on the body minimized the base effects. In this way the
line of action of any pressure forces on the base would pass through the
moment center and the resultant base moment would be zero. Tests with
these spherical bases were performed only on the dynamiec balance.

The afterbodies tested on the paraboloid and the truncated cone are
the conical sections shown by the dashed lines in figure 2(b). Two sizes
of conical bases were investigated on the truncated cone, whereas only
one size was tested on the paraboloid. Both static and dynamic tests
were performed with these afterbodies.

In figures 2(a) and 2(b), it should be noted that there is a
cylindrical sleeve on the rear of each model. This sleeve was required
to mount the models on the balance hecaunse of the short length of the
model nose sections and would not normally be a part of a re-entry
configuration.

The maximum diameter was the same for all four of the basic nose
shapes. This diameter of 6.363 inches gives a wind-tunnel blockage of
0.61% percent in the 6- by 6-Foot Wind Tunnel. .

TESTS AND PROCEDURES

The Mach number range for both the static and the dynamic tests was
from 0.65 to 2.20. The angle-of-attack range was from -4° to +21° for
the static tests, and -4° to a maximum of +18° for the dynamic tests.
The maximum angle of attack for the dynamic tests was sometimes limited
to less than 18° because of the model fouling against the sting. The
variation of Reynolds number with Mach number is shown in figure 3.
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The quantities determined from the static tests were the normal
force, axial force, and pitching moment. The base axial force was also
measured for the configurations without an afterbody. The axial force
presented in the report is the total axial force on the balance with no
adjustment of base pressure. It is believed that this total force is a
realistic estimate of the actual force on a re-entry vehicle since the
base pressures on such a vehicle are not mcdified by the presence of such
factors as a jet exhaust.

The quantity determined from the damping-in-pitch tests was the
damping moment from which C + Cm& was evaluated. Since the balance
is a small oscillation device, the damping moments were measured with the
model set at some nominal angle of attack and oscillated #29 agbout that
positicn.

The sketches of the models (fig. 2) show two moment centers for each
configuration. The moment center used for the reduction of the static
data was always taken as the forward position. Damping moments were
measured about both moment centers.

During the static tests, the mounting sleeve at the rear of each
model was covered by a sleeve attached to the sting. This cover sleeve
shielded the mounting sleeve from the wind stream so this part of the
model did not affect the force readings. A sketch showing a typical
static installation is shown in figure 2(0). The model motion did not
permit a similar setup during the dynamic runs so that the mounting
sleeve was exposed to the air stream for this part of the test.

Accuracy

An estimate of the accuracy of the data is given as follows:

. Static data Dynémic data
Ca +0.010 Cmq + Cmg, +0.0L
Cy +0.00L K +0.0001

Cp  *0.0005

The above figure for the damping derivative, Cmq + Cmg» a@pplies only

to the sharp and blunt cones, and the paraboloid. The truncated cone
buffeted significantly in the wind tunnel so that the data are probably
less accurate than indicated by this figure. It was not possible to
make a separate accuracy estimate for this body.

A
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RESULTS AND DISCUSSION

The data in this report are presented both in figures and tables.
The figures show only the data necessary to describe the general charac-
teristics of the vehicles and all of the data on these figures are for
the forward moment center. A complete listing of all the data is given
in tables I and II. The data in the tabulation include dynamic data for
both moment centers, and damping for any other moment center can be
computed by use of the transfer eguations of reference 1.

Cones

Typical experimental results obtained for the sharp and blunt cones
are presented in figures L through 8. Figures 4, 5, and 6 are plots of
force and moment coefficients versus angle of attack for representative
subsonic, transonic, and supersonic Mach numbers. Summary plots of the
data, presented in figures 7 and 8, show that changing from a sharp to
a blunt nose had only a small effect on the static and dynamic derivatives.
On the other hand, the addition of the spherical base caused an unstable
shift in the damping curve. The effect was most pronounced in the
subsonic speed range where the models with the spherical bases became
unstable.

Figure 7(b) shows a comparison of the damping data for the cones
with the theories of reference 2. The theories only consider the effect
of the forebody so the comparison should be made with the data for the
models with the spherical bases. The linear theory is the result given
by the combined first- and second-order linear theory and applies only
to the sharp cone. The agreement between theory and experiment is good
at the higher Mach numbers of the test. Although poor agreement is
indicated at the lower supersonic Mach numbers, the experimental data
approach the theoretical curve asymptotically and the theory predicts
the trend of decreased damping with increasing Mach number. Figure 7(b)
also indicates that Newtonian impact theory provides a satisfactory
estimate of the damping at the higher Mach numbers for both the sharp
and the blunt cones.

As stated in the introductiop, the stability parameter given in
reference 1, (Cp - Cr + (Cmq + Cmg) (D/0)®), shows that the dynamic
stability characteristics of re-entry vehicles depend on the static
characteristics as well as on the damping in pitch. If this parameter
is positive, the body may have a divergent oscillation. The lift-curve
slope, Cly, is of importance in the parameter since it can be either
positive or negative and, if negative, is a destabilizing term. The

data for the sharp and the blunt cones, figure 8, show that CLOL is

st
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positive for both bodies and, since the flat-based bodies also have stable
damping, they would not encounter any dynamic stability difficulties.

Paraboloid and Truncated Cone

The data for the paraboloid and the truncated cone are shown in
figures 9 through 15. Figures 9 and 10 show static coefficients versus
angle of attack for representative subsonic, transonic, and supersonic
Mach nurbers. Figures 11 and 12 are summary curves of zerc angle-of-
attack values of the static coefficients and show the variation of these
coefficients with Mach number for the models with the various afterbodies.

The main effect of adding the afterbodies to both nose shapes was
to lower the value of the normal-force curve slope, Cpg, particularly in
the lower speed range. The variation of the axial-force coefficient, Ca,
was unchanged and the pitching-moment curve slope, Cp,, was made more
stable for the truncated cone but was unchanged for the paraboloid. The
same general effect was noted in the subsonic investigation of reference L,
Considering the change in plan-form area, it might be expected that the
normal force would be increased rather than decreased by adding the
afterbodies. A check on the flow conditions as shown by shadowgraph
pictures does not show any change in the shock pattern or size of the
wake behind the body, so the reasons for the unexpected effects of the
conical afterbodies remain unexplained.

The damping-in-pitch data for the paraboloid and truncated cone are
given in figures 13 and 1k, respectively. All of the afterbody configu-
rations are shown on these plots and the figures include data for all
Mach numbers of the investigation. The damping data for the paraboloid
are fairly constant through the angle-of-attack. range except for the
unstable dips that occur at about L° angle of attack in the supersonic
speed range. .The damping data for the truncated cone show very erratic
variations with angle of attack with both stable and unstable regions
indicated at most Mach numbers. For the paraboloid, the addition of the
afterbodies caused only minor changes in the damping. On the other hand,
the various afterbody configurations for the truncated cone caused large
changes in the magnitude of the damping but the same general shape of the
curves was retained. In both cases, the models with the afterbodies were
generally less stable than the flat-based models.

A theoretical value of the damping-in-pitch coefficient for the
paraboloid and the truncated cone can be obtained from Newtonian impact
theory. The theory only considers the forces on that part of the body
exposed to the air stream and assumes that the forces are zero on any
portion of the body in the wake. The values of Cmq.+ Cmg computed by

this theory are -0.028 for the paraboloid and -0.036 for the truncated

B
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cone. Both of these values are referred to the forward moment center.

A comparison of these values with the higher Mach number data of figures
13 and 1L shows that the agreement is only fair for the paraboloid and
poor for the truncated cone. One reason for the poor agreement is that
the Newtonian theory as presented in reference 1 states that Cmg, 1is
assumed to be zero and the damping in pitch is therefore given by Cmq
alone. Since the theory states that C cannot give an unstable

value of damping and the data show regions of unstable damping, the theory
is simply not adequate for these bodies in this Mach number range.

The erratic behavior of the damping makes it difficult to predict
the effect of damping on the dynamic stability parameter of reference 1,
but the effect of the static characteristics can be seen. The lift-curve
slope, Cr,, for both of these bodies is negative through most of the Mach
number range (see fig. 15). Only for the configurations without a tail
cone does Cr, become positive, and then for only a portion of the Mach
number range. This negative value is an unstable term in .the stability
parameter and, combined with unstable damping, could cause dynamic
stability difficulties for these bodies. '

Results of two previous investigations of the damping in pitch of
the paraboloid and the truncated cone are reported in references 4 and 5.
One of the investigations was performed at subsonic speeds in the Ames
12-Foot Wind Tunnel while the other was performed in the 8- by 7-foot
test section of the Ames Unitary Plan Wind Tunnel in the Mach number
range from 2.5 to 3.5. Figure 16 shows a comparison of the data from
these two tunnels with the data of the present investigation. It should
be noted that the data of the present report have been transferred, by the
method of reference 2, to the moment centers used in the other investi-
gations. The subsonic comparison is made for a Mach number of 0.80 since
both the 12-Foot and the 6- by 6-Foot Wind Tunnels test at this Mach num-
ber. The supersonic comparison was mede between data of the 6- by 6-Foot
Wind Tunnel at a Mach number of 2.2 and data of the 8- by T-foot test
section at a Mach number of 2.5 because the wind-tunnel Mach number ranges
do not overlap. Comparison of the data presented in figure 16 shows that
the agreement for the paraboloid is moderately good. A similar comparison
for the truncated cone shows the agreement to be poor where the 6- by
6-Foot Wind Tunnel damping results are an order of megnitude larger than
the data for the other tunnels. In order to determine why this large
difference exists, the effects of differences in the Reynolds number,
the reduced frequency, and the model geometry for the three tests were
assessed. Also, the operation of the dynamic balance and computing pro-
gram was checked. None of these checks gave an explanation for the
discrepancy.

A final point should be noted as a possible trouble source. In order
to make the compariscn shown in figure 16, the damping data from the
present investigation were transferred to the moment centers used in the

CapiiEITN
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other wind tunnels. The transfer equation used is based on linear
aerodynamics and it ig possible that this equation is not applicable to ‘
nonlinear data as were obtained for the truncated cone. The authors of
reference 4 used the same equation on the data for the truncated cone
where data for three moment centers were available. They found that they
were not able to transfer these data satisfactorily (these results were
not published in ref. 4). A similar check was made by the present authors
on some unpublished data for a 20° cone (a larger model than the one used
in this investigation). 1In this case the data were reasonably linear and
the comparison of transferred and nontransferred data was good. The dif-
ficulty thus appears to be only with the nonlinear data, and it may be
that the transfer equation i1s the source of the poor agreement between
the results from the 6- by 6-Foot Wind Tunnel and the results from the
other wind tunnels.

CONCLUSIONS

The static and dynamic tests of the re-entry models lead to the
following conclusions:

1. Changing the sharp tip of the 20° cone to a round tip has only
small effects on either the static or the dynamic stability. coefficients.

2. The addition of the spherical base to the cones causes a decrease
in the damping in pitch.

3. The static tests of the paraboloid and the truncated cone show
that the addition of the conical afterbodies causes a decrease 1in the
normal force even though the plan-form area is increased. The lowered
normal force is accompanied by a more stable pitching moment for the
truncated cone.

4. The addition of the conical afterbodies on the paraboloid and
truncated cone causes a less stable value of damping in pitch and indicates
that the flat base is stabilizing.

5. The pointed cones have a positive lift-curve slope which
contributes stable damping, whereas the paraboloid and the truncated cone
have negative values of the lift-curve slope through most of the Mach
number range, contributing to unstable damping.

6. The combination first- and second-order linear theory gives a

good estimate of the damping in pitch for the cone at the higher Mach
numbers but predicts values too low for the lower supersonic speed range.

R
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7. Newtonian impact theory gives a good estimate of the damping in

pitch for the sharp and the blunt cones at the higher Mach numbers of the
test.

Ames Research Center

National Aeronautics and Space Administration
Moffett Field, Calif., Feb. 19, 1960
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TABLE I.- STATIC STABILITY DATA

.

(a) Sharp cone; center of moments at 0.778 1

T T I I N
M = 0.65 Me=1.10 M =1.70
~00¢0 04011 ] 0.494]-40059 00.2 04013 | 0.906]|~»0040 0040 0,009 | 0.675]|-.0027
—01.0 | -0.020 | 0.489|-.0085 || -00s47 ] -04012 | 0.904}~c0048 | | -00.9} -0.018 | 0.675]-.0029
—02.01 -0.042] 0.490|-+0104 {{ ~01.7 | 0,033 | 04903]-40056 | | -01.9] -0.043 | 0.674|-.0040
—03.1 | -0.064 ] 0.485|-.0111 || -02.8 | -0.056 { 04901]-s0064 | | -03.0| ~0.074] 0.662|~40050
00s9 | 0.035] 0.491}-.0049 01.3| 0.0233| 0.901]|-.0020 01.0| 0.040| 0.672|-e0017
01,9 | 0.054 | 0.492(-s0024 02+2| 0.055| 0.904]|~c0016 02.0| 0.066] 0.671|-40010
0248 | 0,075 ] 0.490]-.0006 03s2| 0.076 | 0.901]~.0009 03.0| 0,094 | 0.664]|-40008
0640 ] 04142 | 00484 #0053 06e3| 04141 0,900f 40013 0640 04179} 04654] <0024
09,0 0.209] 0.478] 40092 0943 ] 0,206 | 0.881| +0036 0940 04265| 0.651[ +0045
11e9 | 0.276 | 0.470| 40162 12+3| 0.271] 0.853| <0085 1240| 00353 ] 0.647| 0086
14¢9 | 04347 0.456]| 0228 1502 | 04340 | 04827| 40152 15.0] 0.439] 0.653| 0137
178§ 0,414 | 0.441| <0324 1843 | 0.410] 0.809| +0248 18.0| 0.519| 0.663| .0185
2048 0.484) 0,427] <0443 21e3| 0,481] 0.804] .0325 21a1| 04603 ] 0.664]| <0242
N =o0.80 M=1.20 M=1.90
200 o550 POEPe] I 00.2] 0.012] 0.894]-.0027 00.1] 0.013] 0,622[-.0023
Toret | Zot0aa | 0u538|-c00es || ~00+7| -0-013 | 0.897] -.0050 | | -0049  ~0.016 0.621}-.0024
Zoseo| Zotoes | 0u536|-s0077 || 018 | 04037 | 0,895} -c0066 | § -0149 ~0,043 | 0.616|-+0036
N * * * ~0248 | -0,060) 04893 -40072 || <0249} -0,073] 0+607|~e0046
00.9 04034 | 04541 -40030 0le2 0.033| 0.893]-.0010 Olel 0,041 | 0.620]-+0011
01.9| 0.055] 04542|-+0007 02e5| om0s7| 0s890|-r0001 02.1| 0.070]| 0v614]-+0002
0209 04080 04539] 40006 1| 53751 42079 | 0.891] w0018 || 03e2| 0.099| 04606} 0006
0509 | 06151 04529 0038 o6.2] o0c149]| 0.876 10048 06e2| 0.182] 0.592] «0043
090 | 0.224] 0.523] .0081 00.3] o0.219! 0.855] .o0101 09.1] 0.270) 0.588] 0073
12,0 0.296 | 0.512] 0143 12ea| o0.292| ocaaz| t0163 12.21 0.358| 0.585| 0117
1669 | 04372] 0.498] 0210 15:21 0v359] 0.820] .0241 15¢2| 0e445] 0.594| <0146
17+9 0.,445] 0.481] «0306 1842 0.430]| 0.819] <0305 1841 0e528| 04598{ <0191
2009 0.519| 0.464| <0404 21o2| oosoz2! o.s10l L0363 2122 o.614] 0.606| <0222
M = 0.90 M= 1.30 M= 2.20
00.2] 0,015] 0.622]-40032 || 0041 0.012] 0.849]-.0019 907 | 9.022] 0.338 —e0007
~0069 ] -0.015] 04625|-40051 ~00e8 | -0.013 ] 0.851]-+0031 =0042| -0,005 1 04541]1-40017
-0149 | -0.038 | 0.612]-40065 || Zo108 | -0:037 | 0.853]-w0053 | | T0%+2 | 29:035 | 0.340(-.0028
~02¢9 | -0.061 | 0.618]|-+0065 || 20208 | —0s064 | 0o851]~-20063 | | “02°2 | T0+062 1 0.536]-40038
ole1| 0.038| 0.622|-.0025 01.1| 0.038| 0.848] .0002 01481 0,051 04539} 40001
0242 0,062 ] 0.621|-40010 021 0.062 | 0.849]| +0018 0247 0.080 | 0,538 «0007
03.1| 0.085 | 0.618|-.0005 || o301 | o:08s |o0e8a3| so03e || O2e7f 9e107)0.3211 .002¢
0641 ] 04157 0.621| «0020 06e2 ]| 0,165 0.832] 0077 06.8 #1961 045201 40057
0962 0,230 0.618| +0054 0942 0,240 ]| 0.825] «0128 09.8 04279 | 04516| +0085
12.2 0306} 0.590] #0113 121 0.316 | 0.814] «0195 12.8 04365 | 0.513{ 40117
1541 04376 05711 0189 152 06391 | 06799] +0253 15.8 04451 | 0.518] «0154
18,1 0,452] 0.558] .0289 18.2| 0.462 | 0.793| 0289 18471 045371 04533} .0187
21,2 0.529] 0.539] «0375 21.2| 0.535) 0.776| «0352 2148 | 04623 | 0«548] +0205
M= 1.00 M = 1.50
0042 ] 0.017]0.9231-+0030 0040 | 0.010| 04747]|-40040
~0047 ] ~0.009 | 0,9231-¢0046 || ~0049 | ~04016 | 04750 ~0043
=01e7 | =0.033{ 0,924]=¢0056 || —0149 | ~0.042 | 0.749|-40056
-02.8 | -0,056 | 0.918|-.0058 || _ - -
tees | ioss | Sxoneloess || -oaue [ -ouoma | oazee)-zsoee
023 | 0.064|0.918|-+0015 02.01 oeo6s| 0:749]|-20025
03,2 | 0.085| 0.922|-+0009 03.0| 0.097] 0.745]|-20011
06+3 | 04154 | 0.921| «0006 oeeo| o0-18s] 00737 w0012
09.3] 0.2264 ] 0.905] .0036 09.01 0.268 | 0.732| 0054
122 | 0,293 | 0.874] «0088 1211 o0e3s1 | ovt29]| o126
1502 | 04364 | 0.844] 0164 15.01 o0.428| 0.731] w0171
1802 | 04437} 0.825| <0274 180 0.508 | 00737 0237
2162 | 04512 | 04817| <0349 2101 | o0es82| 0.727] s0320
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TABLE T.- STATIC STABILITY DATA — Continued
(b) Blunt cone; center of moments at 0.703 1

a 6“1(:‘[0“ ulcn IcAlcm alcn ICAICm
M = 0.65 M=1,10 Ma1,70
oo | 093] Sristfoianez | oo | ouose [ousor|-aonzs | | o0zof ozons faussst—oon
-0140 | -0,014 | 0,496]|-.0039 || ~90+7 | 0,009 | 0,906 -40023 | | 0049} -0,016 | 0.698]-,0031
-0240 ] -0,035 | 0,496[-.0044 || “0L+6 | ~04031 }0,904[-.0021 | [ -01+91 ~0,043 ] 0.697|~.0027
0340} -0.058] 0.492]-20054 [| ~02+7 | ~0.051 | 0,900]-+0028 =02.91 ~0,071 ] 04694]-40020
00vo| 0.028] 0ca98l-sooze || 9143 ] 0.036 | 0i903|-20021 01.0| 0,039 0.698|~+0044
01+9| orosal ocasel-cooae [] 02+3] 0.057 ] o0i504[-20019 02:0 04067 | 0.696[~.0039
0249 0.077| 0.495|-.0014 03.3 1 0.08010.899]-.0021 02401 0,096 | 0.691{-+0046
0600 | 0-1431 0488l co0cs [| 06¢3 | o0e145]0i895[-10031 06e1| 0,180 0.686|-.0054
0s:0] 0.2111 o-482| coo9a || ©9¢3] 0.216]0.877]-10015 09.1| 0.266 | 0.685|-.0059
12:01 o0.381 ] 0ca71] ooes || 12+3] o.285]0.854] L0025 12¢0] 04353 | 0,688]-40063
1avo | oc3es | 0casal tore0 || 1544 | 0.353]0.829) Jo0sa 15.0| 04436 | 0.698-0062
1709 | orarel ocaaol toree || 183| o0.425|o0.807( .0138 1840 | 04520 | 0.712-.0076
2009 o0o48a | ocaz1] cozs0 || 2143 o0.492]0.795] Jo168 21e1] 04596 ] 0.721|~0064
M = 0.8 M=1.20 M =1.9
i 0042 | 04014 [ 0.889]-0015 00s1]| 0.014] 0.657|-+0021
20110 [ -05014 | 01348 [~ 20027 || z00+¢ | -0i008 | olsof=looz7 | | ~00+8 [ -0.015| 0u6s5i-c001a
-02,0 | 0,037 | 0.545|-20037 | [ Z01+8 | -0.032 ] 0.887)-.0038 | | ~01.2 Tolosl 0.643 —+0007
10340 | -0.063 | 04544 |-.0042 || =027 ] ~04056 | 0,886}-,0041 o1v1| 0.040| 0n653|-10096
0121 | 0.037| 0e549]-10025 01.2| 0.038] 0.891|~.0007 oze1| ooerl oead -'3329
02.0| o060l 0.547] 20016 0243 | 04063 0.878|-.0002 0341 0009 | 0264320046
0229 | 0.084 | 0.549]|-20014 03.2] 0,086 ( 0.887] .0005 oecz| oi119| orear|z: 0“8
06.0] 0.156 ] 0u542|-.0008 0643 | 0.157] 0,877| .0030 0oe1| o.26a| ocera =005
09.0| 0.229| 0,530 .0016 || 09¢3| 0.231]0.865| .0072 12:2| o0i301] oteaa]Iio0ms
12.0| 00305 0es18] 0047 12.2| 04306} 0.844| .0128 1ecs| o23e 0.643 -+0086
15.0 | 0382 0.4a99] 0101 15¢2] 04377} 0.825] 0181 1001l ocszel oce 5|-.0092
17.9| 0.455] 0.482| .0157 1803 ] 044491 0.817] +0229 21e1| onooe olers o
2029 | 0.539 | 0naezl 0217 21.3| 0.536 | 0.804] +0231 . . . 0
M = 0,90 M= 130 -2
- 00.7| 0,020 0.582|-0019
001 04015 | 0.631-40052 —0oia | -0s01a | oraaalzeo92a | [ -00s2 | -0s005 | 0s581]-s0005
TN e 0non | ee32]me0028 1] ~0148 | <04037 [ 0.853[-.00u8 | | 0142 | -0.031 | 0.581]-+0003
* * . : ~0248 | ~04065 | 04851|~+0053 | | ~02+3 ] -0.056 | 0,578 <0006
~02.8 | ~0,059 | 0.637|-.0030 || “0%+3 | “0+0923 f 0.3511=+0053 01.7| 0.048] 0.579|-.0029
01e1| 0,040 | 0u641[-c0026 || O5°1] Ce038 | C+021)=+0003 02.7] 0.076 | 0.576]|~+0033
0201| 0.064 [ 0u633[-c0029 [} o211 (+082 ] 2+2o0f +0005 0347| 0.103 | 0.572|-.0046
0341 0.0801 0.6311-.002] 0602 06166 | 048431 <0044 Obe7 Oei86 | Oe5067=e00706
0602 | 0.162| 0u624|-w0019 || 002 Ger00|oegsat 20058 09.7| 04266 | 0,564 (~+0094
09.2| 0.236| 0s624[-s0016 |1 13°01 0337 0tear] 19970 12.8| 0,348 0.568]-.0110
12.2] 04315} 0.597| .0015 15.2] 0.399 [ 0:815] —0159 15.8| 0,430 0.582|-.0140
15.2[ 0.391] 0.571) w0080 [| 1505 oa7aloienr| 2017 18¢7| 04512 0.598|-.0159
18.1 | o.es8 | 0.557) wo1sa || Syt | gerldloecocl Oiea 21.7] 0.592| 0.612|-c0174
21.2| 0.544| 0,531 .0200
M = 1.00 M= 1.50
00,0 0.005| 0,759]|-40038
-0+ | -0:003 | 91932 |-<002s [[ =01+0| -0l021 | 0.756 20035
“01o7 ]| Zot028 | 0n920]-c00se || —01e9] ~0s047 | 0.757]-10038
“02e7 | 00052 | 0n931|—s002s || ~03+0] ~04075 [ 0.756|-.0039
or%3 | 0.043 | 0a929|-.0022 01,01 0,035 0,7581-40033
03.3| 0.090 ] 0.923|-.0027 02.01 040631 04759|-+0033
06¢3 | 0.162) 0.922|~.0037 0340] 04093 0.757]-40029
0943 | 04231 0.902[-.0022 O6el| 04181 0.757{-.0032
1204 | 04307 0.874] J0023 || “0%+6] —04275] 1.420] 0299
15.3| 0,280 | 0u845| <0089 12011 04351 0.756| 40005
1823 | o.e57] 0vstel 0187 15.0| 0.432] 0.761| 0012
21,3 0.528 | 0.808[ .0184 [| 1840 005101 0,775 20025
2141 04587 0.775] +0042
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(c¢) Paraboloid without tail cone; center of moments at 1.226 1

SRR

TABLE I.- STATIC STABILITY DATA - Continued

a CN I cA Lcm a | cN I Cq I Cn a I CN ICA l cm
M = 0.65 M =110 M= 1.70
~00.0] 04009 | 0.666]-20030 00.3| 0.010 [ t.062]|-e0020 00.0| o0.008] 1.083]|-s0010
~01.0] —0.000 | 0.6646]~¢0035]] -00,7 | -0,004 | 14062]-+0021 -00e9| =04006 | 1,084]-40018
0240 | 0016 | 0.646|~20040 || -01.6 | 0,020 | 1,062|-40004 | | 029 | ~0.026 | 1.080|~00028
~03.0| -0.031 ] 0.4647]|~20033 -02.7 | -04032 ] 1.064]-40014 -03.0] -0.043 | 1.073{-¢0035
~04e0 ] -0.046 )] 0.648}~40026 || 03,6 ] 0,047 ] 1,072]-20007 | | 0440 ] ~0.,060 | 1,068 |-20040
00e9| 0.021| 0s648]~.0032 0te3| o0.025] 1.063}-40020 01e0| 04025 1,082 [-+0004
01.9 04034 | 0,650]~e0031 02e3] 04039 | 1.066}-0025 0240 04043} 1,080] 40004
02.9] 0.048} 0.651|~40027 03,3 | 0,051 ] 14068|~e0028 03.0| 04060 1,078] +0011
0440 0.064 | 0.649|~s0032 04.3| 0.068] 1,075[-.0029 04.0| 04,081 1.073{ 0018
0640 0+091 ] 04651|~40025 0663 06098 | 1.065|-«0020 0640 0a115} 1.063| +0038
0849 04138 ]| 04653|~40005 09,3 0,145 1.041] +0042 09.0 04166 | 1e043] <0077
12.0] 0.,185) 0.646] 0040 12¢3] 04193 ] 1,009] +0094 12.0| 0.215| 1.019] <0125
16409 0.230{ 0.630] .0093 15¢3| 0.239] 0.984] <0140 1540 | G260 0.993] <0167
17.9] 0.275| 0.601] «0159 18.3| 0.289] 0.958] 0188 18.0| 0.304| 0.989]| «0209
20.9] 0.320] 0.565| .0228 21.4| 04333] 0,939 .0237 21.1| 0e385) 0.973| +0245
M = 0.80 M =1.20 M=1.90
-00.0] 0.010] 0.714}~.0026 00.2 | 0.011 [ 0.993]-40023 00e1] 0.007] 1.057]|-+0008
0140 ] -0.005 [ 0.708]-+0027 | | ~00¢7 | 04002 { 0.983{-20022 | [ -00.8 [ -0,007 | 1.055(-.0019
-0240] -0,021 | 04710|-e0029 || <0147 } -04018 | 0.977]|-¢0020 | | ~01.8| -0.027{ 1.052|-+0023
~03.0] ~0.034 | 0,709|~-.0036 -=0247 | =04031 | 0989|0014 ~0269 ] ~0.045] 14046]~e0027
-0440 | —040564 | 04712}-20027 }| 0347 | ~0,047 1 1,001]-¢0006 } | _03,9| -0,061| 1.038[-.0043
0140 04022 | 04714]|-40020 0l.2| 0,023 1,003[-.0012 0le2) 0.026| 1.055| +0007
0240} 0,038 | 0.713|-40026 0242 | 04039 | 1.023|-+0015 02.1| 0.044] 1.052| «0012
03,0 0.056| 0,716|-¢0028 03.2| 0.053]| 1.040]-.0020 0341 0.061] 1.044] 0025
04e0| 04072 04716]-40025 0443 | 04069 | 1.0551-40026 04e2| 0,082 1.041| 40029
0549 04101 | 04715]|-e0021 06.2| 0,099 | 1.053|-.0026 06¢1| 0.116} 1,028] +0059
090 | 04153 0.729| +0006 09.2| 0.149] 1.024] «0030 09.1| 0.170| 1.011] +0098
11.9 04203 ] 0.698] <0066 12,3 04198 | 0.996| 0093 1202 0.222 ] 0.994] 40141
1540 06257 04669]| #0125 1543 0246 | 0950] 0140 15¢1 0.269| 04970] +0177
17.9| 04309)] 0.637] .0199 18.2| 0.290 | 0.960} «0201 1841| 04311{ 0.963| <0217
20.9| 0.358 | 0.598] .0278 21e2| 04335 0.955] <0238 21.1| 04349 0.949]| +0253
M = 0.90 M =1.30 M = 2.20
00+1 | 04014 ] 04804[-s0027 | 00¢ g'ggg 1.1171-.0008 0046 0.015] 0,989 +0002
-00.8 | =0.001 | 0.800|~+0025 _°1°g 75:0% i'}}s :'ggig -00.2 | -0.001 | 0.990}-40010
~01e8 | —04020 | 0.809]|-40021 -02.8 _0’035 1'117 _’0023 -01e2| -0,020 | 04990]-+0020
-0248 | =0.031 | 0,809[-40029 {1 _ 3" 2| _o%555 1115 _‘0023 ~023] -0,038 0,987]|-¢0029
-0348 | 0,050 0.815[-40015 01'2 0.026 1.116 —.0006 -03e3 ) ~0,054 ] 0,981)~40042
0162 | 04029 0.795|-40023 02'1 0.040 | 10116 ‘0002 01.8| 0,032} 0.989} .0018
02¢1]| 04042 04797|~e0022 03‘1 o-056 | 12116 '00 N 02471 04051 ] 0.985] 40021
03.1 | 0.059] 0.799|-v0030 [} 931 [ S-030 ) 1-110) 0002 0347} 0,070 0.981] +0031
04e2| 04073} 0.813|-40026 oe.z 0.105 | 1-106 .oo 048 0,088 | 0.978] 40049
0602 | 0.106| 0.821|~20033 0522 2:123 103951 1oace 0648 | 0.125] 0.968| +0069
09¢1| 04157 | 04807} 0009 12‘2 02201 | 15045 ‘o 0947 | 04176} 0.952] #0107
1202 0.211{ 0.782] .0065 . . +045) <0110 1248 | 0.227]0.937] «0147
1502 04265 0.747[ w0131 || 1322 94288 1-013] -97%2 15.8| 0.275] 0.924] .0190
18.1| o0u321 [ 0.709f w0215 || 3%:1} 94232 1.000 -0206 18.7| 04316 ] 0.915| .0223
21.2| 04372 0.678] .0274 +1] 04335] 04990} «0236 || 21,7 0.354[0.907| +0266
M« 1,00 M = 1,50
00. -
00,2 0,014 | 10891-20023 | 6009 | -0:010 | 10113 |-20018
=00.7 | 04002 | 1.098]1-40018 || —01,9 | -0,029 | 14109 |~.0029
=01e7 | ~04016 | 1,090]-40016 |} —02,9 | ~0,044 | 1.105[-+0028
<0248 | 04031 | 1.093|~¢0008 || 04,0 | -0,062 | 1,099 |-+0030
~03+8 | ~04044 | 1,097|-40005 01.0 | 0.022 | 1.113]-.0001
0le3 | 04027 | 1.093]~-40019 0240 | 04040 [ 14112 +0002
0243 0044 | 14091}-40030 02e9 04058 | 1.108] «0006
03431 04059 1.098/-,0037 04e0 { 04077 | 1.105| #0016
0403 | 04073 | 1.109]|-+0038 06.0 | 0.110 | 1.095| -0030
06e3 | 04105 | 1.100|~-.0028 09.0 | 04160 | 1.071| <0070
0943 | 04155| 1.068| 40040 12,0 | 04210 | 1.042| 40121
12¢3 | 04209 | 1.024| <0098 15.0 ] 00257 | 10013 | soles
1503 | 04260 1.011] +0142 18.0 | 0.301 | 1.007] 0206
18.3 | 04309 ] 0.970| «0200 21.0 | 04340 |0.993 | s0236
2143 ] 0.356] 0.958] #0251 .

20 N



O N e

“_EEehEne

TABLE I.- STATIC STABILITY DATA - Continued
(d) Paraboloid with tail cone; center of moments at 1.226 1

a CN cL Cn a J C“ | Cx I Cn a I N I Ca i crn
M = 0,65 Me=1.10 M=1.70
-0040 | 0.006) 0.645[-+0023 00.3} 0.008]1,056|-.0018 00.0| 0,008} 1.088|-.0016
~01lel | -04002 | 0+647]-e0037 || -0047 | -0,002 | 1.057]-.0017 | | -00.9] -0.008 | 1.086]|-.0020
0240} =04012 | 04645|-40033 || -0146 | =0.015 | 1,057]-40015 | | —02.0{ -0.024 | 1.083|-+0031
~03¢0 § ~04024 } 0o644]|-00032 || -0246 | 0,024 } 1,062|-¢0012 | | ~0240| -0.042 | 1.076]-.0039
—-04e1 ] -04036 | 0.645]-+0029 |{ -0347} -0.038 | 1,068|-+0005 | | =04.0) -0.060 [ 1,070|-+0041
00.9} 0.015)] 0.645]-40030 Ole4 | 0,020 1.058|-.0021 01.0| 0,024 | 1.088|-.,0006
0240 | 0.025| 0.646]-40024 0243 | 0,031 ) 1.067|-.0027 01s9| 0.040 ] 1.084] .000s
0269 | 0.035| 0.651|-e0027 03¢3| 04040 | 1.073]-.0035 03.0| 0,057 | 1.080} .0011
04.0| 0.045] 0.655|-e0022 04e3] 0,053 | 1.074|-0031 0440 0,077} 1.,075| +0017
0640 | 0.067| 0.659]|-40002 06e3] 0,084 | 1.062|-.0012 0640] 04109 1.062] <0046
08.9] 0.106| 0.659] «0016 09.2| 0.133 ) 1.028] .0042 09.0! 0,161} 1,040} .0080
12.0] 0.154) 0.651| <0062 12.3| 0,184 | 1.003] <0093 120 04210 1,018 +0124
1409 | 0.198] 0.641] s0126 15¢4 | 04235 0,963] .0144 1540 | 04257 | 1.001] #0168
17.9 0e249 | 06604 0182 1843 04283 | 0.931| 0197 17.9 04303 } 0,988 | .0213
2049 ] 04294 0.567{ 0250 21.3 ) 0.329 | 0.907} .0281 2140 | 04342 | 0,970 <0253
M = 0.80 M=1,20 MN=1.,9
-~00+0 | 0.006 | 0,708 ~+0025 00e2} 0.007)] 0.,977]~40017 00.1] 0.008 | 1.065]-+0012
~01¢0 | -04005 | 04711|~+0026 |} ~00,7| -0.003 | 0.,971|-40017 | | -00.8 | -0,008 | 1,060]-<0021
=0240 | 04017 | 0,7101-00030 |1 _0147] -04015| 0.971]-#0015 [ | ~01e8 | ~04025 | 1,058]-40032
~0340 | —04030 | 0.709}-+0028 -02+46| -0,027{ 1.007]-20005{ | ~02.9 | -0.044 | 1.049]-.0039
-0440 | ~04041 ] 04714]-40032 }| =03,7| -0,036{ 1.,021]-e0004 | | ~03.9 | -0.059 | 1.041|-+0046
0140 ] 0,018 0.7141~40018 01.3] 0.020f 1,022[-.0013 Olel| 04025 1.060[|-+0001
01,0 04031 0,708]-40021 0243]| 0,031 1,043 -e0017 0241| 0.043| 1.056| <0004
01.9] 0.032| 0.712|-c0021 03.2| 0.042!| 1,057 -+0021 03,11 0,060} 1,051} «0022
029 ] 0,041} 0.711|-40020 046.3| 0,055] 1.068|-.0021 04.2| 0.,082] 1,042] 0028
040 | 04055)] 04715{-40020 06e3] 0,086 ] 1.062|-40007 06¢2| 0,116 ] 1.030| .0051
0640 ] 04079 | 00720]|-40011 09.3] 04137] 1,033] 0039 09¢2| 04171 1.012] #0093
08¢9 1 04126| 0.719{ 0034 12,3} o0.188) 0.962] .0092 1242 | 04222} 04995] <0130
1260 | 01771 04702 #0080 15+2]| 0.239)| 0.937] +0146 15¢1] 0.268 ] 0.979] <0175
14491 04234 | 06674 #0137 18.2] 0.287] 0.935] 40196 18¢2| 04312 0.968| 0220
17¢9 | 04289 0.637( 40216 21.3| 0.333] 0.965] .0249 21,1 04351 )] 0.950] «0255
21.0| 0.339] 0.602| 0288
M= 1.30 M= 2.20
M= 0.90
00,0 0,007 | 14117~ 0022 007 0,014 | 0.993] .0001
00s1 | 04010 | 04795|-00020 | [ ~0048 | ~0.005 | 1,116[-e0015 | | ~0042 | -0.003 | C.996{-40013
-01e7 § 04014 | 048061-¢0017 || _01,8 | -0,019 | 14217]|~e0017 | | -01.3 | ~0.,020 | 0.993]-.0028
~02¢8 | 04026 | 04799[-00017 || _02,9 | 0,035 | 1.114}-40021 -0243) -0,038 | 0,989]-.0037
-03e9 | —0e035.1 0804700018 || L03,8 | =0,047 | 1,4113{-40020 | | ~03¢3 [ ~0,056 | 0.984]-+0045
0le2 | 0,022| 04822)~¢0020 01e2| 04022] 14117|-¢0002 01.7| 0.032] 0.993| «0010
02e1 | 0.035} 0+798)-40019 02¢1]| 0.035 | 14117]|=e0001 0248 0.053] 0,987 +0017
03e¢1 | 04046 04802]-+0023 03¢1| 0.049 | 1.118[-.0000 03.7] 0,069 | 0.983| «0029
04e2 | 04056 | 04802|-40026 04e2] 0,065} 1.116] +0000 04eB| 0.091] 0.977] 0038
06e2 | 04082] 0.824]-40017 06e2] 04096 1.106| «0017 06¢8| 04122 ] 0,964] 40063
09«1 | 0.131] 04816] 0022 09.1] 0.145] 1,077] #0059 09.7| 04174 0.953] <0104
12¢2] 0.189| 0.783| 40078 121} 0.197] 1.041] <0115 12.8] 0.226| 0.938| +0146
15421 042471 0.752] 0152 15¢2] 04282 ] 1.,011| +0160 15.8| 04273 | 0.929| +0186
1841 | 04307 0705 +0213 18+41| 0.289 | 0.994] .0208 18¢7| 04317 0.921]| 0231
211 | 0.358| 0.682] +0281 21.1| 0.333] 0.981| .0252 21.8| 0.356} 0.908] .0268
M = 1,00 ¥ = 1,50
00.3 | 0.011| 1.087}-s0022 71-.0013
~00.7 | -0.003 | 1.080[-20020 || 99:9| 2+9%¢ | 1+1171"3032
0147 ] -0,015 | 1,085]-40014 || 75,70 | 60027 | 1,111 |-e0026
~0247 | -04027 | 1.089|=20007 || Z 3" 1 5% 053 | 12106 |-s0031
~03+7 | -04036{ 14102]-40003 0440 | 0,062 | 1,100]|-.0035
01a4 1 0.023] 14086140020 11 4, 4] 0,021 | 1+114]|-+0002
02031 04032 1.0941-40031 ] 45,0| o.028 | 1,113 .0005
03.3 | 0.042] 1.105[-.0039 03.0| 0.057 | 1,109| 0003
. .
0442 02057 | 14109 ~e0040 040 0,073 | 1,104} <0015
06+3| 0,090} 1,093{~.0013 06.0] 0.106 ] 1.093| «0028
09.3 | 0+141)] 1.067] <0042 ooco | oi1ss | 12069 L0072
1243 04197} 1.027| +0105 12:0| 0.205 | 1,081} <0120
15.3 ] 0.247] 0.985] «0161 1500 0.252] 1.019] .0168
18.2) 0.297) 0.9¢1] .0208 1200| 0.299 | 1.003] <0208
21.2| 04350] 0.915] <0255 21.0| o0.340 ] 0-986) .0253
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(e)

ity

TABLE I.- STATIC STABILITY DATA - Continued
Truncated cone without tail cone; center of moments at 1.982

a l O G Cn a Oy JCA Tcm a I Oy 1% I Cn
M = 0.65 M= 1.10 M =1.70
~00.0] 0,004 ] 0.698]-.0016 00,31 0,007 { 1.107(-40006 -
-01.1| -0.008 | 0.698]-.0015 | | ~00«7 | ~0,007 | 1.107|-.0012 —88:2 -g:g?g i:{ﬁ? -:gggg
~01.9| -0.022] 0.701]|-c0006 || ~01e6] ~0,020 1 1.1071-20018 | | _09),9| -0,039 | 1.121|-.0047
-02.9| ~0,032 | 0.696{-20012 || ~02¢6 | -0.033 } 1.1011-40022 | | _03,0) -0.061 ] 1.119]-.0068
~0440 | 04046 | 0.693]-0003 || ~03¢7 | —0,048] 1,1001-40024 } | _94,0} -0.078 | 1.117]|-.0088
01.0| 0.013] 0.700|-s0011 01.3) 0,022 1.1041-.0005 01.0| 0.,029| 1.120f .0011
01.9] 0.025] 0.696]-.0012 02431 0,034} 1,104] <0005 02.0] 04051] 1.119] <0033
02.9| 0.038] 0.700|-.0022 03.3 1 0,050 | 1110 .0002 03,0 0.071] 1.119] <0058
03+9]| 0.051] 0.699]|~+0020 04es ) 04064 ] 1.112] #0010 04.0| 0.093] 1.120| .0079
06+0] 0,077) 0.702}-c0017 06441 0.095]1.105| .0036 06:0| 0.128| 14118 <0121
08+9| 0s116} 0.704] 00013 0942 0,149 1,076( 0118 0940 04172( 14113]| <0185
11.9] 0,164 | 0.694| «0073 12,3 0,205 | 1.038| ,0232 12.0| 0.213)] 1.104] .0244
12.0| 0.164) 0.694] +0073 }3-; 8-239 1.017) 0328 15.0| 0.245| 1.096| +0289
14,9 0e212) 0.675] 40132 . +297 | 0.999] .0378 18.0( 0.275] 1,085} .0329
;g.g g-gg; 8.2;3 -gggg Me1.20 2140 06301 14101] «0364
L L] . . -
Me1,9
M = 0.80 0042 | 04007 | 0.992f-+0006 o
-00¢7 | 0,008 | 0,987}-+0015 0041 +005 | 1.109|-+0005
-00.0| 0,002 0.774|~e0005 || -01e7 | -0.022 | 0.980}-.0022 | | ~0049] -0+012| 1.107]-.0023
~01e1 | -04011 § 0.771{~+0020 [ | <0247 | =0.036 { 0.979]~20025 | | -01.9} -0.031 1.,106}-.0037
-0240] -0,024 | 0,770|~40019 ~0347 | -0.051 | 04991|-+0033 ~0249| ~04049 | 1,104|~40050
-03.0| -0.038 | 0.764)~40026 0142 ] 040243 1,007] .0007 ~03.49} ~04067] 1,103|~.0063
~0440) ~0,051] 0.766(~.0024 02.2] 04037) 1.,023] .,0013 Ol.1 0.025] 14107] #0006
00.9| 0,018 | 0.774)~.0011 03¢3| 0.053| 1.038] .0024 02¢1| 04044 1.108] <0027
0240 0e034 | 0.765|~+0008 0442 0,069 ] 1.051] 0025 03,1 04062 14108] <0041
029 04045 ] 04771|~-«0003 06e2 0,104 | 1.046) 0071 0442 04083 1.108| «0060
0440 | 04061) 0.769| «0001 0943{ 0,160 1,042| 40152 06el| 04118] 14106] 0105
0640 0.091] 0.770] 0014 1242 06217 | 1.022]| 0267 09.1 0,167 ] 1+4105] «0178
08+9) 0¢l142) 0.760] .0085 15.3| 0.261 | 1.000] <0326 12,2 o0.210| 1.107| «0239
11.9 0.199| 0.738| .0159 1842 04296 | 0978 +0370 1561 0e242 1 1,099 40283
1540 06236 | 04734 #0206 213 0e325 | 0.933] #0411 18.2 0.271] 1.088] 0327
1840 | 04250 | 0.743| 40220 21¢1| 04295] 1.083| 40357
210} 06.261] 0.753{ .0238 -
M=1.30 M = 2,20
M = 0.90 00.2| 0.008 ] 1.165]-.0003
~00e8 | ~0,009 | 14164]-40017 00.8 06012 ] 14082]| 0006
00.2| 0.009 ] 0.852f-40007 || -01.8 ] -~0.024 ] 1.161]-40029 —g?-g -g-g?g }-gg? '~gg?3
0048 | 0,006 | 0.856]-40011 || ~02.8 | -0.042 | 1,157|~+0054 | [ <012} ~0s . —e
0148 | 04020} 0.852)-.0015 |] -03.8] ~0,060 | 1.152]-¢0074 | | -02¢3} -0.035] 1,080]-.0032
—0248 | —0.034 | 0.848]-.0017 01e1| 0.026{ 1.160] +0018 | | -03+3] =04050 | 1.077{-+0044
~03.8 | -0.049 | 0.851|-40022 02e1| 04041} 1,157] «0034 O01s7] 0,027 1.081| .0018
0lel| 04023} 0.854|-.0003 0341 0,058 | 14155] <0049 02.7| 0.045| 1.080] .0027
0241} 04037) 0.847|-s0000 O4e3| 0,080 1,151 +0082 03.: 3.839 i.g;z .gggg
03e1 04051 ] 0.856] «0003 0642 Os114 | 1.140| <0116 Obe 077 . .
04.2| 0.0681] 0.848] L0011 09.1| 0.172] 1.117] .0214 06e7| 0.108]| lev?2| <0097
06e1 | 0al02| 0.859] «0029 12.2] 0,218} 1,092} .0265 09+6§ 0s156} 14072} 40157
09.1| 0.158| 0.842| +0106 15¢1] 0.256| 1.074] .0321 12.8| 00199 1.080| ,0214
121 0.217| 0.829} 0195 18.2| 0.290] 1.059| 0364 15.7| 0.233] 1.081] .0273
1541} 04250} 0.802] 0245 21s1] 04319 ] 1.040| 0399 33.7 g.;ea i.g:g -ggzg
1841 | 0.266| 0.804] 0273 1.7 «290( 1. .
2141 | 04291 0,818 .0317
M=1.50
¥ = 1.00 0040 0.005] 1.161]-+0009
-0049 | 0,016 ] 1.160|-¢0036
| noee | rmizalrones || S01i3 | S0taus | 111571007
0147 | 00019 | 12129]-s0013 [ Z2:0 | Z0+001 1 1e103)-. 0094
~0248 ] —04034 | 1.134|-.0021 ore1| owo30| 1u1e1]| 0032
~0348 | ~04046 | 1,1331-,0022 02:0] o.os0] 14 N
. . 1.157) +0057
01s2 | 04023| 1.139] .0000 03.0| oc072 | 101541 0087
0243 | 04037 | 1,137| .0006 0440 04,095 | 14151| 0
. . «0111
0343 | 04052 1.142] +0007 o6e1| 00131 101es| L0185
0422 | 04068 | 14145| <0002 09.0 o.175 1'127 '0191
0642 | 04101 ] 14139| «0030 12.0 0.213 1‘109 .ozae
0943 | 04162] 1,104| #0125 1540 | 0.254 | 1.094| +0306
1243 | 04219 1.065] «0246 18.0| 0.283 1. .
. . .081] +0353
153 ] 0,281 | 1,040] .0350 21.0| 0.310] 1.066| 0382
18¢2| 0.320] 1,021| #0407 * * ¢
2103 0,357] 1,001] +0460
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TABLE I.- STATIC STABILITY DATA - Continued
(f) Truncated cone

with small tail cone; center of moments at 1.982 1

a Oy s Con a O Cy I Cn a l Oy ] Gy | Crn
M = 0,65 M= 1,10 M =1.70
—00.0 0,005 | 0.702]-40025% 00.3 0,006 | 14101]~40021 00.0 0,005 ] 1.126]-40021
-0140 | -0.,003 ]| 0,707]|-+0005 =00e7 | 04003 | 14100]~40018 ~00e9]| -04015]| 1,127]-+0039
-02.0 | ~0.010] 0.705] <0005 ~01e7 | -04016 | 1.101]-40016 ~01e9| —04038| 14125]|-+0056
~0340 1 -0,019] 0,704] 0012 =027 | ~04026 | 1.106]~+0003 =030 | -0,057 | 1.121]|-e0073
~0440 ] -0,027] 0.7071 +0019 ~0346 ] -06035 ] 14110]|=-.0001 ~04¢0] -0.075| 1.118]-.0087
0140 0,013 | 0.7061-.0034 01.2 0,018 | 14104]|-40025 0140 0,026 14122] «0004
01e9 0,019 | 0.706]-+0045 0243 04027 | 16110]|-20034 0240 04048 | 1,121] 0019
0269 0,028 0.710]-.0063 03.3 0,038 | 14114]|-40039 0340 0e06383 ] 14119] <0043
0440 0,038 ) 0.713]|-.0068 0443 04052 § 14112}~40033 Ohel 0,090 | 1+118] 0060
0640 04061 0.719]|-20084 0663 0,086 | 14099 40009 0640 04123} 1.115}] <0107
08¢9 0100 | 0.720]-.0059 09.3 0,140 ] 1,067] 40090 090 04169 | 14110 «0167
119 0e147]| 0.713]-.0009 12.3 06199 | 14034] +0204 1240 0,209 | 1.102| +0221
1449 0.195| 0.687] .0058 1544 04255 | 1026] +0300 1540 0e243 ] 1,095] +0271
179 0.241 | 0.662] .0119 1843 06298 | 04998 40353 1840 06274 | 1,085 0309
2049 0.251 | 0.686| 0124 21.3 0333 ] 1.017] 0385 2140 04298 ] 1,100] +0329
M = 0,80 M =1.20 Mw1.9
-00.0 0,006 | 0.770}-+0024 0042 | 0,007 ] 04984]-40017 00s1 0,005 1.221]-40011
~01.0} -0,005] 0+766]|-+0018 =00e7 | ~04006 | 04987]|~40018 -0048| -0.008§ 1,109{~+0029
~02e0 | ~04016 | 04767 -60011 ~01e7 ] ~04017 | 0¢996]~0019 ~01e8| -04027| 1e107]-00036
—0340 | -04025] 0476%|~+0002 ~02e7 | ~0,027| 1.011]~40013 029 | -0e044 | 1.103]|-40053
~0440 | 04038 | 0774} -+0001 =0367| ~04038 | 14031]-40008 «0349 ]| -0.064] 1,102]-40063
Olel 0,019 Oe767{-+0027 01e2 0019 ] 14018} -« 0009 0lel 06022] 1.111}-40000
0l.9 0.028 ] 0.778]-40035 02,2 0,030} 14041)~-40018 021 04040] 1.109} «0012
03.0 0,038 0,778]-0043 03,2 0042 | 14058|-e0027 0361 0,059 | 1.107] «0027
0440 00481 04777]~e0051 04.3 0,060 | 1.073]-40024 0442 0,080 | 1.106]| «0045
06.0 0,076 | 0.783]|-.0036 0643 0,094 | 1,061} #0019 0641 0,116 ] 1,103] 0090
09.0 06127 04777] 0023 0942 0,151 ] 14042] 0110 09+2 06166 1.105| #0162
1149 04186 04755] +0096 1243 064213 ] 0.988] 0230 12.1 04207 | 1,107] <0210
1540 0e222] 0e746] 0145 153 06257 ) 04982] «0299 1501 0e240 | 14102] <0264
17491 04240 04755 0160 1842 | 04294 | 0.976] +0348 18+1| 04270] 1.094] «0297
2049 0.250] 0.765] .0168 21e2]| 0.325] 1.023] +0374 21.1] 0,294] 1,097] <0314
M= 0.90 M= 1.30 M= 2.20
00.0] 0,008| 04861]-40017 00+1 | 0,008 | 14164|-40009 00¢7| 04011 ] 1.081[-+0004
-00e8 | ~0.001] 0.856|-20017 ~00e8 ] -0,008 | 14164|-20027 «00e2 [ ~04002 1§ 1.077|-+0011
0148 | -0.013] 0.863l~c0008 |} =018 | —04021 | 14162|~e0044 || 01431 ~-0.0151 1.0781-.0028
~02¢8 | -0.022| 0.866]-.0002 =028 ] -04037 | 14159| -« 0051 «02e3 | ~0.031] 1.074]-40042
-03+8 | -0,0323| 0.870] .0015 -0349 | ~0.053 | 1.158| -« 0068 —03e¢2] -0.0644 ] 1,070]|-40048
01.2| 0.019] 0.871|-e0027 0142 | 0,023 | 1.163| 0006 017} o0.026 | 1.079| «0008
0241} 0.030} 0,859} -.0029 02e1] 0.040} 1.161} #0013 02¢7] 04040} 1.,076] +0017
03.1| 0.041] 04857| ~.0047 03.1| 0,054} 1.1611 »0028 03¢7| 04058 | 1.071] +0025
04.2| 0.,053]| 0.876| -40047 04e2] 0,073 | 1.159] +0057 04s8| 0.075] 1,069] 0048
06e2] 0.084| 0.881| ~.0021 06+21 0.105| 1.145] <0079 06s7] 04106 | 1,066} +0088
09.1] 0.143]| 0.869] .0058 09¢1{ 0,168] 1.117] +0188 09.8| 0,156] 1.071| «0140
122} 0.,206| 0.855| .0157 1242 0,2141 1.091] +0230 12¢7| 06195 1.074| 40195
15.2| 0.242] 0.835] 0200 1502 042561 1.072) .0290 15¢7| 0.232| 1.076| +0239
1841 | o0.261) 0.812] .0226 18411 04289} 14059} «0339 1847 04262 1.074| «0277
21.1] o0.282{ 0.810] .0257 21s1] 04319] 1.041] <0369 21.7] 0.285] 1.072] <0304
M= 1.00 M= 1.50
0042 0,008 | 14131]-,0019 Q0.0 04006 ] 14166f-00013
~0047 | -0,001 | 1.138|-.0022 ~00e8] -04,013 | 14164|~e0047
-01s7 | ~04024 | 14130]|-.0012 ~02e0| =04037] 1e159]|-e0074
~02e7 | ~04024 | 14146]|~40003 ~03,0| -0,059| 1.155|~+0097
~0348 | ~0,03%5| 1.135| .0005 ~0&4e0 | ~0,077| 1e152)~e0122
01.3 0,020 | 1.140]-40032 011 0,030 | 14163} +0020
0243 0,030 ] 1.136]=-40049 0240 0,050 | 1e161] #0044
03.3 0s042 ] 164151 |~e0054 0249 0,071} 14156] «0071
0443 0,057 ] 14150 ~+0039 0440 0,091 1+152] +0096
0642 0,091 1.138} ,0001 0640 0,126 | 1e141| 20124
092 | 04151 ] 1.110] 0092 0911 0,172 14123] 40160
12,2 0e214 { 1,057 +0213 12.0 0e214 | 14106] o0232
1543 Ce276 | 1:041} +0319 1540 00252 | 10091] 40283
18¢3 | 04319 | 1.024| +0378 1840 | 04284 1,081} +0318
21.2 04355 1,002| +0422 2049 06309 | 14066] #0351
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TABLE I.- STATIC
with large

(g) Truncated cone

STABITITY DATA - Concluded

tail cone; center of moments at 1.982 1

a Cx Ca Cn a k" l Cx Cn a [ O Al Ca l Cn
M= 0.65 M=1,10 M =1.70
-00.0] 0.006] 0.713]-.0011 0043 | 04004 [ 14102]-40005 | { 0040} 0.,003| 1.119]-+0012
-01.0| o0.005]0.712| 0010 ]| -00.7 | ~0.003 [ 1.103]~40005 | | ~01.0} -0.018] 1.219]|-.0033
-01.9| 0.003]0.714| 0028 || -01.6 | -0.007 | 1.106]-s0000 | | ~01.9% -0.035) 1.121]|-.0045
~03.0 | —0,000 | 0,718} 40045 | -0247 | 0,014 | 1.110| 40012 | | -02.9] -0.052] 1,115]|-.0059
-0440 | 0,009 | 0,724} «0051 (| -03.7} -0.023 | 1.112] +0013 | ] -03.9| ~0.069] 1.111]~.0077
00,9 | 0.010] 0.719}-.0039 01.3| 0,013 {1,106|-.0028 01.0| 0.025] 1.118{ .0008
01.9| 0.012] 0.722}-40060 0202 | 04019 | 14110|-40037 02.0| 0.045] 1,116 0026
02.9| 0.018 | 0.725|-.0083 03,3 0,028 | 1.116}-40034 0340| 04066 | 1,113 L0045
0440 | 0.024| 0.730]|-s0085 O4st | 0,084 | 14114]-00024 0440| 0,084 1.111] .0065
05.9] 0,045} 0.738]-.0097 06s4| 0,079 | 1,103} <0020 06.0| 04119 1.107] 0110
09,0} 0,084} 0,739|-c0067 09+3| 0.133]1,075) <0102 09.0| 0,167} 14102] 40167
12.0 | 0.133] 0,729{-.0021 12.3] 0.196 | 1.032] .0204 12¢0| 04208 | 1.096] .0218
1409 | 0.181] 0,707} .0043 1543 | 04255 | 1,009 <0287 15.1| 0244 1,095 .0252
17.9| ©.233] 0.681| .0077 18.3| 0,302 | 0.992] +0230 1840 | 04274 | 1.087| +0281
20,9 | 0.246 | 0.700]| +0069 21.3 | 04334 | 1,011} +0354 21.0| 04300 1.097| <0300
M = 0.80 M =1.20 M=1,9
=0040 | 0,005 | 0,780|-+0017 00.2] 0,008 0.977}-+0003 00s1] 0.006| 24099|-+0002
=0140 | ~0,001 ] 0776]~¢0002 | | 0047 | -04002 | 04993} ~+0004 | | ~00.8| ~0,009| 1,098|~.0017
=02,0 | =0,007 | 0,780 +0012 || -01.6 | -04009 ] 1.003] 0004 -01¢8| =0+025] 1.099|-40026
-03.0 | =04015] 0.785| 40024 || -02.7) ~0.018] 1.021| +0015] | -02.8| -0.040] 1.095]|~.0040
~0440 | ~0,022 | 0.788| «0018 || -03.7]| -0.025| 1.035| 0014 | -0349| ~0.059| 1.094]-.0055
0140 | 0,012} 04782}-40022 01e3| 0016 1.021|-40014 0lel| 0.022| 1.100] 0005
02,01 04019 | 0,785[~40045 02+2] 04021 1.052|~+0030 02.1| 0.038] 1.095| <0014
02,9 0.026 | 0.791}-.0050 03s2| 04030] 1.068f-+0037 03.1| 0.,057| 1.095| 0029
0440 | 04036 | 04797|-00058 04e3 | 0,045] 14076]-20029 04e2| 04078) 1.,094| 40052
0640 | 04065 | 0.806}~+0043 06+3| 0.083| 1,070 «0020 06.2| 0.115| 1.094] 0084
0940 | 041191 0.798| «0016 09+2| 0.142] 1.045| .0118 09¢1| 04162] 1.094| 40153
12,0 | 04176 | 0,775] 0077 12¢3| 0.209] 0.986| +0223 1241| 0,204} 14101] 40210
1540 | 04219 | 04768f 40119 15.2]| 0.256} 0.972] <0285 15¢1| 0.241) 1.100| <0243
1791 04236 [ 04779} #0130 1842] 0,296 0.974] <0324 1801 | 04269 | 1,089} 0272
2009 | 04246 | 04790] 40126 21.2| 0.325] 1.028] .0343 2141 | 0.295] 1.091] +0288
M = 0.90 ¥ =1.30 M = 2.20
00,1 | 0,008 | 04846]-40009 0,009 | 1.173|-+0008 00.7| 0.,012] 1.067]|-+0003
-00.8 | 04001 [ 0.854| w0002 [| _80:8 1 02305 | 10174 -+0015 | | 002 | -0t000 | 1:067|-20008
=01.8 | —0,006 | 04870f #0020 |} 43,8 | -0,017 | 14169|-20031 | | -0142| -0.013 | 1.067]~+0015
=0248 1 0,010 ] 048811 40028 || 55,9 —0,033 | 1e166]|-+0044 | | ~02.3]| -0,026 | 1.065}-20024
-03.8 | -0.020 | 04886| +0030 {{ 53 5| 0,051 | 14165|-40065 | | ~0343| ~0.042] 1.062]|-+0038
0ls21 0,015 0.869{-+0033 Clel| 0.021{1.171] +0008 01.7| 0.024{ 1.065| .0011
02e11 040201 0,870{-40041 02.1| 0,035 1.169| <0022 02.7| 0.037] 1,064 .0018
03,2 [ 04030} 0.882}-.0061 03.1| 0.053] 1.169| .0043 03.7| 0.053| 1.062]| .0031
04e2 | 00421 049021-.0063 04e1| 04072 14163 .0070 04e7| 04071 1.062| +0046
0642 | 04072 04904140024 06.2| 0,098 1,141 +0086 06.7| 0.102| 1.063| .0086
09611 04133} 0,898] «0051 09.1| 0.166| 1.110] +0177 09.7] 04150 1.065] +0127
12,1 1 0,198 | 048521 +0141 12.1| o0.211] 1.086| +0225 12¢7| 0.194| 1.065] .0177
15,21 0.238]0.843] .0181 15.2] 0.254| 1.068| .0280 1547 0.229| 1.072| <0223
18,2 | 0,258 | 0.834] 0203 1841 04291} 1.054| 0321 187| 0.261| 1.066| 0255
2141 | 04272 ] 0.849] +0200 21.1] 0.317] 1.086] +0336 21.7| 0.289| 1.061] +0268
M =1.00 M = 1.50
00+3 | 0,009 | 1.138{-00025 0040 | 04005] 14170|~«0008
=00s7| 0,001 | 1,137|-40013 || _00,9| ~0,013 | 1.169]|-c0037
—01¢7 | 0,008 | 14133} «0005 || —01.9| -0.033 | 1.163}~+0060
-02.8 | —0,013 | 1,147] #0023 }| 02,9 -0,053 | 1.155|~+0085
=037 ) 0,021 | 141461 «0029 1] ~0440 | ~0,072 | 1¢151|-40110
01.3 | 0,011 1,144]-40034 0ls1| 04026 | 14163} #0018
02431 0,0191 14143]-40048 02.0| 0.045| 1.158] <0046
0342 ] 04032 14151}-+0053 02.9| 0,067} 1.153| +0069
04e3 | 0,047 | 14153120033 04.0] 0.089] 1.148| +0096
06431 0,082 1.136( +0017 0640 | 04124 | 14133] .0124
0952 | 0,144 1,108( +0104 0941 | 0,167 1.115] #0169
12031 0,212 1.059] +0215 12,0 0213 | 1.098| 0223
153 | 0,276 | 1,036] #0311 15,0 | 0.251 | 1.088] +0274
18.41 0,322 1.016] 0359 18,0 0.284 | 1.079| 40302
21e3 | 0,360 14035 <0388 2140 | 04308 | 1,104| 40321
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TABLE II.- DAMPING-IN-PITCH DATA
(a) Sharp cone; center of moments at 0.778 1
a C"‘q*c"'& k a lc"‘q’cm& k a Cmq’c"\& I k a c"lqﬂ""ﬂ(x k
M= 0,65 M =1.00 M=1.30 M= 1,9
—00¢1] ~0437 | 40569 | 0042 -0455 | +0380|].90,1| -0.70 | <0303} |-00.1 | -0.42 «0242
~01s2| ~0432 | 40569 | ~01a1| -0u54 | 40381 01,1 | -0.64 | «0302] [-01.1 [-0.35 0242
=03+2] ~0,35 | 40571] | ~0341} ~0s54 | «03801].03,2]| -0475 | +0302| |[-03.0 |-0.45 |.0242
00.8| -0431 | 40571 00.8 | ~0,52 | +0380 0049 | ~0459 | <0304 00.9 [~0.45 |+0242
0209 ] ~0436 | +0570| | 0249} -0.58 | 20380 || 93,0| -0.73 | .0304 ] | 02.9 |~0.59 |.0241
0640 | 0,40 | <0570 0640 { -0.58 | «0379 _ -0,

0602 0462 | «0305| | 0509 [~0.68 |.0242
09¢1| =0434 | 40573} ] 0942 -0,79 | 40379 || 09,4 -0.43 | +0307] | 09.0 |~0.40 [.0242
12¢3] -0,35 | 40572 12,3 | -0.,84 | 40381 1204 | -0439 | +0309 12,0 |~0.42 |.0243

e o 15¢4 | -0.85 | «0384 1540 |-0.37 |.0243
0.80 ¥ - 1.10 M = 1.50 1748 |-0.38 |.0243
~00.1 | -0.38 | 0468 Ma=2
-01s1 | ~0438 | +0467| |-00.1] 0459 | c0349 | |-00+1 | ~0.50 [ .0278 .20
-03e2 | ~0.43 20466 ~0lel | 0,59 +0349 | [-0140 | ~0.51 +0278 ~00.0 | ~0.32 0227
0048 | =0,36 | 40467 |~03¢1| 0,57 | .0349 | [-03+2 [ -Os66 | +0278 } |=00.0} =0, :
02.9 | 0,61 | 0467 | 00.8| 0.61 | .0350]]| 0049 -0e54 | .0277 1.0170.39 1 .0226
06+1 [ =0435 | c0468 (| 0249 | -0,57 | 0349 | 0248 | -0s68 | ¢0277]=02.0]~0.39 {.0226
09.2 | -0,36 | .0467 (| 0640 -0.66 | .o349 || 0549 =039 | .0280 || 0049 | -0.39 },0225
123 | -0e41 | ,0468 || 09.1] -0479 | .0349 || 0901 ] -0.43 | 002804} 02491 -0.49 |.0225
1545 | ~0442 | 20469 (| 1243 -0.88 | .0350 || 1241} -0s41 J 0279 || 05.9]-0.48 |.0225
1504 | ~0.82 | .0355 [ 1503 -0.50 | 00278 ] | 090 ] -0.69 | .0223
¥ = 0.90 18¢3] -0451 | 0278 1149 | =0.36 | 40225
M =1.20 . 1540 [ =0.27 | 40226
17.9 | 0,04 | .0226
-0041| -0.48 | .0815 =170
—0le1 | ~0.48 20416 ~00.0 | -0,66 «0321
~03.1] -0,51 20416 -0lel | -0459 20320 -00.1 | ~0.39 0258
0140 | -044 ~03.2 [ -0.68 | .0321|[-01.1 | -0.44 | .0258
1. 47 | +0817
- 006 | ~0.62 | «0321 | |-03.0] -0.61 }.0258
02.9 | 0455 | +0415
- 03¢0 | ~0.69 | .0321 || 009 ~0s46 | .0258
06e1 | ~0,52 | 0417
09.2 | -0.62 L0416 06e3 | ~0.75 +0323 029 | -0.59 «0258
- 09+4 } -0.56 [ +0326 ]| 0640} -0s53 | <0259
12423 071 «0416 1246 0.44 0330 09.0 ] -0.39 +0260
- .6 |- . .
154 063 «0418 ° b 120 | ~0e42 0260
15.1] -0.3% | 0260
18.0] -0.40 | .0258




20

TABLE II.- DAMPING-IN-PITCH DATA - Continued
(b) Sharp cone; center of moments at 0.892 1

o [omgtemy |k o |ongom | o |mgom |k i [ Cng *Ong l .
M = 0.65 M= 1.00 M=1,30 M =1.%
—00e4] <037 | .oss4] | -00.3] -0.39 | 0319 [-00.43| ~0.76 | s0252 | |-00.3 | -0.39 | 0211
—02.7] -0.33 | .osss| | -0247] -0.43 | .0317] [~0149 | -0.83 | .0250 | | -0246 [ -0.47 | .0210
—0601| -0.39 | so483| | -06es | -0.58 | «0316]|-07.0 | -0.69 | .0252 | |-0641 [ ~0.62 | .0209
~09.6| 0246 | -04ss| | -1002] -0.77 | c0315] [<10.7 | ~0.45 | .0256 | |-09.6 | -0.82 | .0208
—12.9| -0.45 | 0485 ~03.0 | 0485 | <0250 | | ~12.9 | -0.49 | .0208
004 | -0.26 | w0451 Me1.10 ~01e6 | =0,75 | 40250 | [-211.2 | -0.72 | 0208
Zo0ia| -0i25 | 0401| |-00us | -0u39 M = 2.20
-00. . #0295 M = 1.50
M = 0.80 ’82‘? '8‘23 '853? 01.5{ -0,51 0195
* =06 ~0. . - - =01. =0 .
“10.2 [-0l86 | e0290 | 29308 1 20:50 | 29335 ] | 015 -0e50 | .0195
-00.5] -0.37 «0393| [-0843 | ~0.61 00290 | | Zgery -0:68 20230 ~00e2 | ~0.46 «0195
-02.8| -0.35 | +0391 oralzomas | o331 | | -0206] ~0s06 | <0194
~06s4| ~0443 | 00391 M= 1.20 -oa.e —0.71 | 20229 -0548 | ~0443 | 0194
~10.0} -0.49 | 0392 “01.7] -0u61 0231 | | -09+1| -057 | s0194
-13,5| -0.54 | .0392 . . . -12¢6| 0,78 | <0193
-00¢4] -0432 | ~0393) [-00¢3 | ~0.56 | .0268
~0249 | ~0456 +0267 M=1,70
-06e7 | 0484 | 40265
M=0.50 ~10e7 | ~0490 | +0268| | -0044| 0052 | 40219
0442 | -0466 | «0265| |-02.8| -0.52 | .0218
T00e3 o8 ] o3 -06.4| -0.85 | 20217
0645 -0.60 | 0345 IEOHS BSESEN Bt
- - ~Ue Ll
T10.11 -0,63 ) .0345 -08.1| -0.71 | «0217
T13:7] =066 | 0347 -04.5| -0.74 | .0216

v NN A
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TABLE IT.-~ DAMPING-IN-PITCH DATA - Continued
(c) Sharp cone with spherical base; center of moments at O.778 1

a [ng*Cmg k a Cmq*cma k a cmq"cml'l l k a Cmq’cm;x 13

M= 0.65 M= 1.00 Me=1.30 M=1.9

-0040 | 0,43 | .0374||_ - ~00.0{ -0.28 | +0240
-01+1 | 0443 | 0373 |00+1 | -0-55 ] .0300
-03.1 | -0.43 | .0373
0049 | —0.46 | 0374

-00,1] 0.06 | 0566

-01.2} 0,05 | .0565

-03.2| 0.04 | .0565
01.0| 0.09 | .0565

06.1 | -0.45 | .0374

02091 0412 | «05651 | 5 5} 0,48 | .0374

0140 | 0456 [ .0301 | | Z01+0 ] ~0426 | 0240
~03,0 | ~0.26 | .0239
-0341 | -0448 | 40302
0049 | ~0,24 | 40239
01.0 [ -0us6 | L0301 | [ 095 | 20424 | -0239
.
03.2 | 0.7 | .0302 . .

0640 | ~0434 «0239
0601 0.12 0565 - 062 | =0.40 «0302 -
* i 093 0.34 «0374 094 | ~0e34 0304 09.0 0.29 «0239

09+3| 0.02 0563 -
* N * 1264 | 0438 10374 (| 50| Z0%58 | Jo30s 1240 | ~0434 | 40239

1242 -0,01 «0563 -
154 | ~0447 «0377 151 0.31 «0239
1543] -0,02 «0564 1749 | 0,31 «0239

18.4| -0.05 20565 M= 1.10 M= 1.50
Ma2.20
M = 0.80 —0040 | 0,42 | 20344 | |-00.0] -0.85 [ L0279
~01e0 | -0,43 e0345 ] [-Olel ]| —0,38 «0280 - .
-0041] ~0,07 | «0459] | 2030l | Zotaa | i93ea||-03e1| <osss | sos79 _32;3 _8:;; ,355}
-0La1} 0,07 | .0459) | 01,1 [ ~0.44 | +03a5||-00.0 [ -0us4 [ <0278 | [Zo500 [ Z0s51 [ 0330
-03.21 -0.09 | 0459[ [ 01,0 | ~0,47 |.0345|| 0.8 -0.47 | c0278 | 0120 | 028 | 0320
00.91 -0.10 } 204591 | 43,0 -0,51 |.0366{] 02491 -0e48 | .0277} ) 4370 | -0l22 |.0219
03¢0 70408 | 04581 06,1 [ ~0,50 | <0345 || 06e0| -0434 [ 40278 | 5579 {10015 |.0220
06021 —0.07 [ +04581 | 09,3 §-0,33 | .,03a5|[ 09-1[ ~0e34 {40276 | (5" | 5757 100550
09431 -0,07 § 0458| [ 15,4 | 0,40 [.0347 || 2263 =0.42 foo0276 |1 15°0 |25, |20530

12441 -0408 | <0457f | 15,5 | 0,46 |.034g|] 15e4[ ~00a7 L0275 4 1570 17000 170550

15.4[ -0.40 | 0457 1846 | -0.54 | .0273 :
-00.1 | ~0.47 | .0276 || 18°0 [-0-18 J.0220
Mel.20
M = 0.90
=000 | -0.48 | .0319 M - 1.70

-00el | —0e34 «0408] | —01e1 | ~0440 «0319
~0lel] ~0.32 +0408] | -03.1 | ~0.41 0320 | |-00+0 1 -0.32 #0255
~0342| -0435 #0407 Olel | =0,49 +0319] |-0140 | -0.27 + 0254
010§ -0.34 «0408 03e1 ] -0,50 20319 | [-03+0 1 -0.36 « 0254
03.0] ~0435 « 0407 0563 | =056 «0320 009 | ~0,27 00254
06s1 | -0.36 «0408 09¢5 | ~0.48 «0322 029 | -0.,31 «0254
0962 | -0437 «0408 12:6 ] <0436 20325 060 | ~0434 «0255
123} —-0.37 0408 000 | ~0,46 «0319 09+2 | =0.25 +0255%
154} —-0.,40 +0408] | -01e1 | -0,40 +0319 121 | -0,23 +0255
-0342 | ~0,42 «0320 1541 | ~0.29 «0254
1840 { ~0,34 «0253
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(a) Sharp cone with spherical base; center of moments at 0.892 1

S

TABLE II.- DAMPING-IN-PITCH DATA - Continued

o [Omg*omg | a |Gl o |Cn"oms | x a Tcmq"cm& I K
M = 0.65 M e 1,00 Me 1,30 Me1,9
00+6| ~0417 | <0489 0048 | -0439 | +0319 | [-0044 | ~0.60 | 40250 00.7| ~0.40 | .0207
~00s5] —0414 | +0488| | -00+4 | ~0433 | 40318 | [-03.0| 0460 | 402649 | | -0044 | ~0432 | «0207
—02.8] —0.19 | +0486] |~02.8 | -0.28 | .0317| |-06.9| -0.60 | +0250| |-02.7 | -0.34 | .0206
-06.2| -0413 | «0485| | -0646 | 0,27 | 0317 | [-10.8] -0.28 | 40252 | | -0642 | ~0.37 | 40205
~09.7] -0413 | 00486 [-10e2 | 0425 | «0318 | | -0848| -0449 | 40250 | |~09.5 | -0.41 | 0205
~13,0| -0.10 | 0486 —00+4 | ~0457 | 40251 | ~1249 | -0.40 | 40205
M= 1.10 00+7 | -0.32 | .0206
M = 0.80 M = 1.50 M= 2,20
00+6 | ~0.38 | «0294 o
0046] ~0420 | +0393] | -00e4 | ~0435 | «0294 0e7 | ~0450 | 40230 00e7 | ~0.41 19
-00a4] —0421 | +0392| [-0249 | -0.37 | .0292 | |-00e5 | ~0.39 [ .o0230 [ | (007 | Thepe [ 29104
- - - . L]
~02+9| -0.16 | «0391] |-0646 | -0423 | .0292 029 | ~0.45 140229 1 o5 5 _o.51 | .0193
-06e5| —0e16 | 20391] |-1043 | =0423 | 40293 | [~06e7 | =062 | +0228 | | . 0 | ~0,40 0193
- - . .
-10.0]| -0.19 «0391 10.5 0.33 00227 -0943 | 0,52
- - - -08.6 | ~0et4 | 0227 . . 0192
12.6] -0,11 | <0392 Ma=1.,20 . ~12.6 | —0.57 0192
-04e8 | ~0.66 | 40228 * ° °
-0249 | -0.38 | 20229 | |-05+8 | ~0.44 |.0192
M= 0.9 -00.4 | -0.44 | <0268
-03.,0| -0,35 | <0268
0067 ~0430 | +0349]]~06s8 | —0s46 | «0267 M« 1.70
~00e4 | ~0432 20346| ] 107 ] ~0454 «0268
-02,8]| ~0431 | 40345 00+6 | 0,38 | «0217 _
—06e6| —0.23 | +0346 -00+5 | -0.38 | 40217
~10.21 —0.25 | +0346 -02.9 | -0.32 | .0216
-13.8 | =0.31 | <0345 0644 | ~0,50 | +0215
~10.0 | -0.42 | .0215
-13.5 | -0.31 |.0215
~0446 | -0.42 | +0216

0 e
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TABLE IT.- DAMPING-IN-PITCH DATA - Continued
(e) Blunt cone; center of moments at 0.703 1

a C“'q’c"'& k a c"'q’c"‘& k a Cmq‘c"l& k a Cmq*Cm& k

0N

M = 0,65 ¥ =1.00 ¥ =1.30 ¥ =1,90

-00¢2] -0.33 e 0627 -00s2| ~0.51 20425 ~00s3 | ~0.68 «0336 ~00.3 | -0.33 0272
=01e2] -0432 | «06251 | 53 3] ~0,49 | 0424 ] |~01e2] -0e66 | 40336 | |-01.2 | -0.31 | .0271
"03¢31 —0434 | 006251 | 43,2 -0,52 [ +0424 | |-03e4| =0481 | 0336 |-03.0 | -0.35 | .0271
00e7} ~0e34 | 406241 | 50,7 -0,51 | «0425| ) 0067 -0.70 | 0336 00.7 | -0.33 | 0271
02e7] ~0434 | «0624 02e6] 0450 | o0424 ]| 02.T) =0.79 | #0337 0245 | 0433 | 40271
05¢7] =036 | 40625 | 45,6 —0,70 | 0421 | 0509] =0.65 | 0340 0545 | ~0450 | 0271
08¢8 | =0035 | 006241 05,7 —0,84 | 40421} 0940 ] =0s46 | s0343 0845 | —0.22 | 40272

11.8] -0.33 | 0627 - ool Zatss ot ~0.22 0272
1408 ) ~0.33 | 0627 11471 -0.90 | «0422 . . . 11e3 | =041 .

1448 1 -0,82 0425 1409 ] ~0.30 | 0349 143 | -0416 | 0272
178 ~0e27 «0630 17.8 | -0.70 :ogzg 179 | -0.27 «0352 170 | =0el4 0272
¥ = 0.80 - -
¥ =110 M= 1.50 M 2,20
-00.3)] -0.35 | .0515 -00e3 | ~0.50 | .0310{ |-00¢2 | -0s21 | .0254

~01e2) =033 | «0516] | -0043 | -0.49 } .0395]|| - -01.2 | -0.31 | .0253
~0342| -0436 | «0516] | =01¢3 | ~0.50 | .0396 _g;:; _8:2; ;33{2 0241 | -0.26 | <0253
00.6f -0440 | +0515| [~03.2|-0.53 [ .039s [ [Too*3 ]| 2007 | 0311 00.7 | 0434 | 0252
0246 | 0435 | c0515| | 0046 -0.54 [ 40395 || o011 Zot2s | o310 0246 | ~0s29 | <0253
05461 -0,39 | c0515| | 02.7]-0.58 [.0395 || 20| 20036 | 0313 05.5 | ~0434 | 40252

0847 ~0441 | +0516] | 0546 | -0s68 | .0393 0844 [ -0,42 | ¢0252
0846 | ~0434 | 20314 . .

1148 -0447 | «05151 | 08461 -0492 | 40391 || 1106 | ~0.31 | 20314 11e4 | 0424 | 40252

1448 | ~0e44 | ¢0517[ | 1148 [ -0.87 | «0392 || y4es | -0.33 | 20315 14.2 | -0.27 | .0252

17.8| 0436 | .0518) | 1448 -0s85 |.0395 || 770 o057 | 10316 17.1 | -0,21 | .0251

178 | 0470 «0397

¥ = 0.9 -

M=1.20 =170
~00.2] ~0452 «0462
T01.21 -0.48 | 0462} | 00,3 | -0.59 | 0359 0125 To130 | 10280
~03+3| -0.48 20462] | -01.3 | - .59 20360 | f-03.1 | ~0.49 .0289
00.7] =044 «04611 [ -03,2 | -0,69 0360 00071 -0s61 .0288
057 | ~0.51 «0461 00e7 | 0462 +0360 02¢6 | -0.49 .0288
0247 | -0.50 +0463 02.7 | -0.67 0359 0545 | ~0.38 20289
08.7| 0461 0462 0549 | ~0469 «0360 08¢5 ] -0.25 10291
117 ] ~0.67 «0461 090 | -0.65 «0361 o4 | -0.23 0291
1448 ~0461 | 4046111 12,1 | -0455 | «0364 : N :

4 -
1781 ~0451 | <0464 1502 | ~0.54 | 40365 iT:g _g‘g: :gggf
1841 | -0433 | «0371 °
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TABLE II.- DAMPING-IN-PITCH DATA - Continued
(f) Blunt cone; center of moments at 0.855 1

o

a C%+Cm& k a Cmq*Cm& k a Cﬂlq'c!'l;1 k a l cmq*cm& l k
M = 0.65 Mel1.00 Ma1.30 M= 1.9
0044 | -0426 | 00556( [ 0046 | ~0433 140368 || 55 410,72 |.c289 00.5 | 0,38 | 0243
~00.7| =0431 | e0553 7005 | =035 1036611 96,7 | -0,74 |.0288 | |-00.6 ]| -0.38 | 40242
—02.8| 0432 | +0556} [~02+8 | ~0e33 | 20366} L 03,2 | -0.82 |.0286 | |-0247] -0e42 | «0241
0602 ~0.43 | 40555 [~06+4 | ~0.48 140364 L1 57,0 | -0.63 |.0290 | [-06.0]-0.52 | .0241
—0946] ~0e42 | «0555] | 71020 | =0480 | <0360 )| 15,7 | -0.47 |+0294 | | =094 | -0.56 | .0241
—12.8) ~0.45 | »0555) | 708¢2 | —0e61 | 03611 55,8 | -0.50 |+0292 | |~1244 | -0,40 | .0242
~07+0 [ -0.66 | .0289
W = 0.80 M=1.10 -05.1 | -0.80 | .0287 M= 2.20
- 0651 | 00e5 | -0.34 | .0339 M= 1.50 0045 | 0431 | «0227
-8312 —g:;g 20449 | [-00e6 | ~0434 | L0330 ~00.2 | 0,29 | 40226
Zoziol —6230 | souso] |-02.8 | —0.38 ] .0335] ] 00u6 | -0.56 | 0267 [ ]-02.7|-0.34 | .0226
Zo6es ] —0u3s | 204501 |-06e4 | —0.58 | «0335] [~0047 | ~0.58 [.0266 | [-05.8 | 0,29 [ .0225
—09.9| -0.50 | 0449 |-10e1| ~0e92 | .0333|[-0341|-0.68 | .0265{ [-09.1|-0.45 | .0224
~13¢3| -0.53 «0452 -08e2 | ~0e61 «0333 ~06+8 | 0439 « 0267 ~1242 | —0.54 « 0224
-10.3 | 0,39 | .0268 01e6 | 0426 | »0225
¥ =1.20 -13.8 | 0431 | .0271
M = 0.90 . -0449 | 0451 | .0265
-01.8 [ 0,67 |.0265
0045| -0433 «0400 0045 | —0.57 #0309 | |-00.7 | —0,55 0265
-0046] -0.36 | .0399] |-00.6 | -0.56 |.0308
-02.9} -0,.38 «0399 | |-03,0 | -0.66 «0307 Me1.70
-0645] 0451 | +0398][-0647 | -0.75 }.0305 .
~1040| ~0,70 § +0397] }-10.6 | ~0.98 |.0306
-13.5| -0.70 | +0399]}-08.7 | -0.93 [.0%04 00s4] -0.46 | 20253
-04.9 | ~0476 | 40304 | [-00e6]| -0.53 | .0253
-02.9| -0,57 | <0252
-06¢4| ~0.61 | +0251
-09.7| -0.42 | <0253
-13.0] -0.25 | .0254
0045 | -0.49 | .0253

FNO NV
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(g) Blunt cone with spherical base; center of moments at 0.703 1

T

TABLE ITI.- DAMPING-IN-PITCH DATA - Continued

o [Tmg*mg |k M AT o |G |k a Cmq*cmag[ x
M = 0.65 M =1.00 M =1,30 M =1.90
-00.0] 0.13 | s0618 00.0] -0.42 | c0616]| 000} -0.55 | .0333 - .
-00.59( 0,11 | +0616| | _ooi9| ~0va3 | s0a15||-00.8] -0.57 | lo333| | _39:9] Z9:12 | 29287
~03.0 0,12 206171 | _oo.a8 | ~0s44 «0416] | -0340] -0.,53 «0334 -02.7) -0.17 +0267
01.01 0,17 | 4061711 gy,3| 0,44 | «0416]| 01e0| 0456 | .0333 01.0 | -0.21 | <0267
03¢1| 0416 | +0616) | p3.1| ~0.49 | 20616|| 93+2] -0.57 | .0334 0340 | 0423 | 00267
06e1| 0,15 | .0619 0601 | -0u4e | c0t16]] 06431 -0.48 | .0336 05.9 | -0.23 | 0266
09¢2| 0,10 | <0617 092 | ~0.38 | +0425) | 99¢3| -0.36 | .0337 0849 | =0.25 | 0267
122 -0407 | +0616 1262 -0,43 | <0415 | 1264] ~0434 | 0339 11.8 | -0.21 | 0267
1542 ~0,00 | .0618 1502 | ~0.46 | <0617 15441 -0,28 | +0342 1446 ] -0,21 | 0267
18¢1] ~0,09 00617 18¢1} ~0.53 00417 1843 | -0,26 00346 1764 | ~0,23 «0266
M= 0.80 M =110 Me=1,50 M= 2,20
0041 | -0.04 | <0511 00.0 | -0.45 | .0383|| 00.0| -0.41 | <0307 00.1 | -0.27 | «0248
~01+0 | -0405 | 40510 | -00.9 | -0.44 | «0385]|-00.9| -0.39 | +0307 | | -00.8 | ~0e22 | 0248
~0340 | -0,06 | 40510 f-0249 | ~0¢45 | +0384 | [-0048| -0.37 | «0307 | |-0247 | -0419 | 0247
0140 | =0+04 | «0510) | 01,0 | 0446 | «0384] |-0249{ -0.40 [ 0307 01el | =0422 | <0247
03¢1 | -0,08 | «0510| ( 03,1 | -0.49 | «0384]| 01.2] -0.40 | .0307 0340 | ~0416 | #0247
0640 | -0.05 | 40508 [ 0g.1 | ~0,45 | .0383|| 03.0} -0,41 | «0307 0548 | <0419 | 40247
09+11 -0.02 | +0508 0941 | =0e37 | «0383 0640 ] -0433 | +0308 08e8 | =0.25 | #0247
12,2 | ~0410 | <0508 1202 | ~0.46 | 0384 ] 09.0] -0.25 | «0308 11.7] -0.19 | «0246
15:2| -0.13 | .0507 1542 | 0449 | «0386| | 1240 -0.28 | 0309 14¢6 | ~0.19 | <0246
18,2 -0.17 | .0505 1841 | =0e53 | +0385| | 1448 -0.32 | +0308 1744 | ~0.24 | .0246
178 | -0434 +0309
M = 0.90 -
=12 M= 1.70
00¢0| -0432 | 0453
-0049] -0.33 | .04s3|| 00e1f -0.48 [ .0356 00.0| ~0,27 | .0z88
-0248| <0032 | .oas3f | 700-81 -0.46 | <0356(] ‘let| Teco |t
0le1| -0,33 | .0453] | ~03-0] -0.49 | .0356 9 I 10289
-02.8| -0.32 | .0289
0340} ~0,36 | o0453) | 00¢1] -0049 § 40336017 0 ] ~ oo 87
0641} ~0,31 | c0456|| OL:O| ~0.50 f.0356 g s “03
03.0] =0.34 [ <0286
09.2| -0.35 | wo453| [ 031]-0.51 | .0356) | 7 237
121 -0036 | co4s3|| 06.2]-0.52 | .0355 5491 0,2 +0287
15.3 | —0.39 0654 05e4 | ~0e57 +0355 089 ~0e424 « 0287
1801 | —0ce3 loasa 1264 | -0.55 <0357 11.8) -0.17 20287
1546 | =0.56 | «0357) | 14e6] -0.20 | 0287
1845 | ~0u32 | w0383 ]| 17¢3] ~0.26 | .0287
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» TABLE IT.- DAMPING-IN-PITCH DATA - Continued
(h) Blunt cone with spherical base; center of moments at 0.855 1

Oy

D B G ol I | Y B E
M = 0.65 M = 1.00 M=1,30 M=1.9
00.4 | -0,12 | .0552 00+6| -0437 | 03671 | go.6] -0.73 | «0288 00+4 | -0.27 | 20239
~00.7| -0,09 | <0550 | =00.6] —0.37 | «0366] | 00,7} -0,65 | -0288| | -00.6] 0,37 | 40239
=0249 | =0.13 | <0549 | ~02.9 -0443 | «0365] | _03,2| ~0465 [ 40287 | | -0248] -0.33 | 0238
~06s6 | ~0s11 | «0549| | ~0645f ~0423 | «0366) | _06,8| 0464 | 40287 | | <0641 ] ~0.35 | «0237
=097 | 0410 | 40549 | | ~10e1] —0429 | «0365) }.19,6]| 0,42 | .0290| | -0943 | 0,43 | 0237
~12.9 | ~0,08 | «0550 | | ~13+6[ ~0435 | 40364] | 05,6 | -0,57 | +0288 | | -1245} -0.36 | .0238
-00.6 | ~0,09 | «0553 | | ~04e7] 0430 | 40366 00e5| =0473 | +0288 | [ ~00.5 | =0.31 | 0238
00.5| -0,72 | .0288
M = 0.80 M =110 -00.5| -0.62 | .0287 M~ 2,20
00,5 | 0,13 | .0449 0045 | -0439 | <0338 M= 1,50 00e4 | 0429 | <0225
~00,7 | —0+12 | «0449]| | -00.6| ~0.41 | .0338 -00.5| -0437 | .0224
-02.9 | -0.15 | <0468 |~-02.9| -0.35 | .0338 00.5| -0.60 | +0265] | -02.6 | -0.36 | 0223
-06e4 | =0413 | +0668| | ~06.5| -0.24 | 03138 0045 | =0457 | «0265| | -0549 | -0.37 | .0223
-10,0] =0411 | 0446 | -10.2] -0425 | «0337||-00.7] -0.50 | 0264 ] | -09.1| -0.45 | .0222
-13.3 | —0411 | c0445) | -13.6] -0,31 | «0337]| {=03¢1] -0.57 | +0263} | -12¢2( -0.38 | .0223
—06e8] -0461 | +0263 00s5{ -0.34 | .0223
- - -1042| -0.28 | 0264 005 | 0,27 | «0223
M= 0.5 M= 1.20 —13.8| =0435 | +0265] | ~00.5| -0.30 { .0223
- - « 026
00,4 | -0.30 | .0395 00.6 | -0.59 | .0310 _gg:: -3;25 ,3263
-00¢6 | 0426 +0395 ~00e6 | ~0.56 «0309 —00.5| ~0.53 00264
-03,0] ~0.26 +0394 00.6 | 0,62 «0310
-06.8 ] —0,23 <0395 ~-03.0 | -0.,52 «0308 M = 1.70
<1640 | ~0,22 | 0395 |-06.8 | -0.42 | .0308 .
~13.5| 0,31 | .0394] [-10.6 | ~0.44 | .0308
-11.9| ~0,2% «0394 00.6 | ~0465 +0308 0045 | 0442 «0253
-00+6 | 0,55 [ .0309]1-00.6] -0.41 | .0252
-02.9 | 0,40 | .0252
-06e4 | 0,51 | <0251
-09.7 | -0.41 | <0252
-12.9 | -0,24 | <0251
- -0642 | 0444 | 40250
~04s6 | -0442 | 40250
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TABLE II.- DAMPING-IN-PITCH DATA - Continued

——

(i) Paraboloid without tail cone; center of moments at 1.226 1

Cpp +Cpp .
a g *Cmg, k a Cmq"cm(1 k a Cmq’(l,,,!.1 Kk « J Cmq'cm‘; l X
M = 0.65 M =1.00 M =1.30 M=1.9
00.6] -0.02 0674 00,6 | -0,01 + 0459 00e5 ]| ~0.09 «0370 00.5 | —0.21 0286
-00.3| -0.02 | +0672| | =004 [ -0s01 j.0457 | [-00.4| -0.07 | 40370 | _o0ia | 0021 | s0286
-01.4] -0.10 «0673| |=01le4 | -0.03 +0458 ~0le4] -0.08 +0371 ~01.5 | ~0o16 0286
-02.3} -0.08 «0674| | =023 | -0.00 «0457 -02.3 | -0.04 +0371 ~02.4 | -0.21 0286
01.7] -0.05 o673] | 017 | 0.04 | .0459 01.7] 0.00 | .0370
. . . . 01¢6 | —0.08 | <0286
025 0.00 0671 02.7 0417 «0461 02.6 0.07 «0371 02.6 | =0.06 «0286
03471 -0.01 | <0671} ] 93+6 | 0451 } 40461 03.7) 0459 | 0372 03.7| 0.03 | .0287
06+8] 0403 | .0677] | 045 | Os44 |.0461 04e6| 0051 | 0372 O4eb | 0407 | «0286
0948f -0.02 | 0677 | 05¢5 | 0.10 |.0458 05.6| 0.18 | .0370 06.7 | =015 | .0286
12.9f -0.05 | .0676] | 06¢7 [ -0410 ].04s4 0607 | -0.11 | .0369 -
20 ol 0929 | —0t06 oass oonal Zoiia oace 09.8 | -0.13 | «0285
0| -0.05 | .0676 *9 -0 . s9 [ ~0e . 12.9 | 0415 | .0285
1901 -0v1e | coe7s| | 13+1 {-0.10 | .0455 13.1| -0.08 | .0368 1600 | —0209 | t0286
16c3 ~-0.07 20456 1682 | -0.04 «0371 19.0 | -0.17 20286
M = 0.80 9.2 [-0413 | .0458 19.3| -0.14 | 20370
M= 2,20
M =»1.10 M = 1.50
00.7 | -0411 ] .0555 00.6| -0.28 0267
-00.3| - 0554 . . .
203 2003 | 2093a|| c0es] -0.02 | .0s2e|| c0.5] -0.08 | .0332] | -00.a| -0.38 | 0266
—02.3] 0,10 | +0555| | ~00e3] =0.05 | +0424] | ~00.4] -0,10 § 40332 | -0le4| ~0435 } 20266
01'7 _0‘02 L0553 | ~01e3 | -0405 | .0425) [-01.5]| -0.16 | 40332 | =02.3] 0436 | .0266
02.7| —0m0e | .0s55)|-02e3| 0.01 f.0624f]-02.51 ~0.13 | .0332 0146 -0.14 | +0266
03.7] -0.00 | s0553 0le6| 0401 | o0423 01.7| -0.04 | .0332 0246 -0.04 | +0266
06‘8 0.02 | 0554 02.6] 0,19 | «0426 0247| —-0.06 | .0332 0346]| 0400 | 40266
09:9 0.04 | +0553 03.6| 0464 | <0428 03.7] 0.02 «0332 04e7| ~0e10 | #0266
13.1] -0.08 | .0551 0406 0442 | +0425 04s7] 0446 | 40333 068 -0.16 | 40265
16:2| —oi14 | soss2| ] 05¢5( -0.03 | .062) 05,6] 0.53 | .0333 09+8| -0432 | .0265
19251 —0o10 | soss3|| 9847] -0.13 | L0419 06¢7| 010 | .0331 1248] -0.17 | <0264
¢ ¢ 0948 | ~0.09 | 40353 09.9] -0s14 | +0330 15¢9) -0.19 |} 0264
¥ = 0.90 13.1] ~0.07 | e0421 1341] ~0e10 «0330 18¢9| —0e24 | #0266
= 0. 1643 | -0,07 | <0423 16.2| -0.05 | «0333
19.2 | -0411 | 40423 19+2| -0.06 | <0334
00.7] -0.08 | .0493
~00.2 | ~0,09 | .0494 M =1.70
-01+3| 0412 | #0493 K=l 7
'gf‘: :g‘ég 'gzg; 0046 ] ~0409 } #0393 00.5] -0010 [ «0309
02.71 “0c05 | soasa) | =002 -0+06 | +0393] [ ~00.4| -0.14 | .0309
05.7] To0-00 o493] | ~01e3} -0.10 | .0393]{ -01a5| ~0.17 | .0309
0.7V —ntoe 'Q,.m, =024 | -0,01 +0394 | | w02.51 -0.1¢ .0208
0o o o o 1l ‘niea 01.8| -0.01 | <0392 01+6} -0.10 | .0308
09 - 49
13:? _g:gg :3492 0246 | ~0.04 | #0393 02.6] -0.04 | .0308
1603 | —0014 | L0454 03.7) 0.06 | 0393 03.6] -0.00 | .0308
19.3] -0.13 | s0494 04e7| 0442 | 40395 04e6| 0417 | <0308
05.6| 0.55 | +0395 06¢7| -0.05 | .0307
06+6] 0414 | «0392 09.8| ~0.14 | .0306
077 =0402 | 40391 13.0] -0.12 | «0306
0948 0,10 | +0391 1601 -0410 | 0306
1341 | -0,11 | <0391 19.0/ 0.01 | <0308
1603 | -0,08 | <0393
1944 | -0412 | «0394
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TABLE II.- DAMPING-IN-PITCH DATA - Continued

i

(j) Paraboloid without tail cone; center of moments at 1.540 1

o |mg*Om |k a | Cng*Om |k o | Ong*Omg |k a [ Cng*Cmy |k
M = 0.65 M= 1,00 M= 1.30 M=1.9
01.2] -0.05 | <0521 01.1] o.02 | .0341 Olel] -0,09 | #0274 01e1 ] -0.18 | .0218
00.1] =0402 | #0521 00,0} -0.00 | +0341 00.0| -0404 | «02741 1 _00,0 | -0,17 | <0217
~00,9]| -0.14 | «0520[{-01.0| ©0.01 | <0343} |-0lel] 0,01 | «0274| | _ 01,1} -0.17 | 0218
—02,0) =0,08 | «0521| | ~02.1} 0.07 | +0341| [~02e2] -0403 | 40275 {0242 | -0.15 | <0217
0244] =011 | #0521 | -03.2] o0.38 | .0343 02¢3] 0,01 | <0274 0243 | —0407 | 0218
03.2| -0.02 | +0520 02.2| 0417 | <0344 0346| 0407 | «0275 0342 | 0,01 | «0218
Obet| -0404 | 205201 | 03021 0.79 | .03as[ ] 04e6] 0467 | 402771 | 04,4 | 0,09 |.0218
07+6]| 0403 | 40521 04e3) 0439 | .0344 05651 0,74 | .0277 05.6| 0012 | 0218
0543 0.13 «0341 06.7 0.10 «0275 07.7 0,02 .0218
-
¥ = 0.8 M=1.10 M= 1,50 M= 2.20
01e2| 0401 | #0624
00.1| -0.11 | 00423 0lel | 0402 | «0315 Olel} -0,05 | 0247 0140 | -0.28 | 0203
~01.,0} ~0.01 «0419 00.0 0,00 «0316 00,0| -0,10 «0247 0040 | -0.15 +0203
~0240| -0e12 «0420] | -01s1 | =0.02 «0315 -01s1] =041l « 0247 -01e1 | -0.21 +0202
02¢4| -0404 | o0421]]-02e1| 0413 | 40316} ]-02.3| ~0,11 | .0247] | -02.3 | -0.27 | .0203
03+3| =000 | «0419] |-03e1 | 0458 | 40320 |-0343] ~0.10 | .0248 022 | -0.16 | +0203
06e5| ~0,03 | o0419]] 0242 0,26 | .0318 02¢3] ~0.06 | »0247 03.2 | 0.01 | .0203
05¢6| 0400 | «0420 03.2 | 0.81 }.0320 03¢4] -0401 | +0248 04e2 | 0.07 | +0203
0443 047 «0318 Q4e6 0,11 «0248 054 0,02 «0203
M = 0.90 05+4 | 0,03 | .0315 05.7] 0471 | <0251 07.6 | -0.24 | .0204
0143] -0.0¢ | <0270 ¥ =1.20 M =1.70
0041 0,00 | +0368
-00.9| -0.04 | .0370[| 01.2 | -0.00 [.0292 0le1 | -0.08 | .0233
-02.0| -0,046 | +0368|] 00.1 ]| 0,03 |.0292 00.0 | 0,08 | .0232
~03.1| -0411 | .0369||-01.0{-0.01 ].02911[|-01.1] -0.13 | .0232
02¢3| -0,00 | 0368 |-02.1 | 0.06 |.0292|[-02.3]-0.15 {|.0232
03.5] -0,03 | +0370]| 02.3| 0403 |.0291]|-03.3]-0.14 |.0232
04e6 | 0,08 | .0370|| 03.4 | 0.01 |.0291 02.2 | =0.02 | +0232
Oke6 | 0467 | 40292 03,2 | -0,01 | «0231
05.6 | 0.36 |.0292 0444 | 0.13 | e0232
06+.7 | 0.04 |}.0290 05.6 | 0.28 | .0232
06e7 ] 0.20 |.0232
¥
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TABLE II.- DAMPING-IN-PITCH DATA — Continued
Paraboloid with tail cone; center of moments at 1.226 1

Cm +Cp» C, +C..
M = 0.65 M =1,00 M = 1.30 M =1.90
006 -0.05 [ 40655 0065 | 0602 | «0444 00s4 | -0.06 | 0359 6l -
-00.3 | 0,07 | .0653| }-00.3| 0,03 | +0443} |-00.4] -0.06 | <0358 _88_2 _3;}2 :gggg
—01e3 ]| -0.07 <0653 -01.5 0,04 « 0442 ~0244 0.38 «0360 ~02.4 | ~0.08 .0280
-02+3 | -0.0% « 0652 ~02e3 0420 <0445 -02.4 0.35 «0361 01.6} ~0,05 .0280
0leb | =004 +0653 0leé 015 00444 ~01.4 0,01 «0359 0246 0,04 .0280
02e6 0,02 « 0653 025 0a55 00448 0le5 04,01 «0359 03.6 0407 0280
0346 | 0404 | 20652 | 03e5| 0423 | c0444f| 02.7| 0445 | 20360| | 04,6 | -0.07 | c0279
04s6| 0.03 | .0651 04e5 ] ~0410 | 20441 03,5¢ 0,20 | «0359 0647 | 0206 | +0279
0647 | ~0.00 | 40653 0646 | -0408 | 40440 04s5] -0.06 | 0357 09.7 ] -0v12 | w0378
0948 ) -0,00 | 0651 | 09¢8] ~0405 | +0441 06.7| -0.09 | 0356 12.8 | —0.13 | 10278
1269 | =0.01 | <0648 13¢1] 0,06 | 40441 09.9] ~0.03 [ .0357 15.9 | 0,21 6279
16,0 0.02 | +0651 16421 ~0,04 | +0439 13,0] -0.,05 | +0356 18.9 | ~0.10 | c0379
19,0 | -0.09 | .0653 1902 | -0411 | <0442 16+2] -0.03 | .0358 : ¢
19.2| -0.10 | 0358
‘e 0.80 ¥ =1.10 M= 2,20
M = 1.50 0045 | -0.14 | s0258
0046 | 0,09 | wos3a| | _ooce| o:00 [ :0na0 09,7 -0.10 | .0256
-00.3 [ -0.11 | w0533 [Z Nt 0010 | foa0e | 00«4 -0.06 | .0323]|~02.4] ~0.s10 | .0259
-01.3 | -0.,00 +0533 “02.3 0:36 L0411 -00.4 | 0,11 +0323 00+5§ -0,20 +0258
-0243 | =0.10 | +0534 o1l o0o21 | soars ) [01e5] 0009 | 0322 0le4 | -0,03 | .0258
016 | 0,05 | .0533 02e5| oese | coarz| [-02-4] =002 | .0322 03.5| 0.08 | .0258
0207 <0406 ] w0536 o301 o¢Te | oa0s ]} 017 ] 0.0z [ L0322 066 | 0417 | c0257
0346 | <0003 | w0536 [ oot 0017 | tosor| ] 02¢6| 0.06 | .0323 0945 | 0,24 | +0256
06,7 | -0,03 } 0538 | oo00) o011 | os0e] | 03e6] 0.ss | .0324 12.8 | -0.16 | .0256
06.7| 0,00 «0537 09.9 | -0.05 0405 04.5] 0,23 0324 1548 | -0405 «0258
0949 ] -0.10 | #0537 13.1] -0.05 | —0407 0546 | -0413 40322 1848 { ~0415 | <0258
13.1) -0,05 | .0537 teszl Zoto3 | sosort | 06«7 Z0a11 f.0321 03.5{ -0,10 | .0257
1642 -0.05 | .0536 19:5 1 —os 10 osor] | 99+9 [ -0.05 |.0322 01.5 | -0.11 | .0256
19.3] -0.,08 | .0538 * . * 13.1 | 0,04 | .0322
06+8] 04,02 | +0535 16:2 | ~0.02 | .0322
07.8| -0.04 | <0536 M= 1,20 1942 | 0400 | .0323
M= 0.9 00.6 0,00 «0379 M=1,70
-00.3 |-0.01 |.0379
00.6| 0,05 | «0478] |~0le4 | =0.07 [ .0380 00s5} ~0.06 | .0298
-00.2]| -0,02 | .0478] |023 | <0406 140380 || _50,3] —0,12 | .0298
~01.4| -0.11 | +0478] | 016 | -0s01 {40379 |} _g3,4] —0,16 | 0298
-02.2) —0,14 | .0a81f | 0205 0.06 [.0380 () o541 0,03 | .0298
01.61 =0.04 | .0478| | 036 0¢36 |.0381 01.81 -0.04 1 .o298
02e7| 0404 | ~0477| | Q45| 0Ce39 | .0380 026 0404 | 0298
03.6| -0,07 | woa7s[ | 053 005 | -0380 1] o361 o0.09 | .0299
04e6| 0400 | c0a79f | 96477008 | <0378 1 0s.6] -0,09 | .0297
0648| -0405 | «0479) | 09+8 +09 | 0378 06¢8] -0409 | 0297
09.8| -0.06 | .0477| | 131 [-0.09 }.0378 09.8| ~0.09 | 20297
13.1] -0.07 | .oa77| | 16:2]70.07 10378 1| 13,0) -0.08 | .0297
1643] 0,08 | woa77| | 092347007 103794 | 16.1f -0.08 | .0298
19¢3| -0.11 | .0479 . . . 19:2] =0405 | 20299
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TABLE II.~ DAMPING-IN-PITCH DATA - Continued

oquuieniiiiesbbitbiiiniiion,

(1) Paraboloid with tail cone; center of moments at 1.540 1

o |omq*omg Kk a Cmq‘cm& Kk a cmq'cm,; K e Cmq’cml; "
M = 0.65 M =1,00 M= 1,30 M=1,9
01.2] -0.00 | .0498 0le1| 0417 | 0335 0l1.2}| -0.04 | «0269 0le1 | ~0.09 | -0211
00.2] 0411 | .0499 00.1| 0.05 | «0334 00.1| -0,08 | <0269 00,01 -0.17 | .0211
-00.9 0.17 «0501 ~01.0 0,13 «0335 -01.0 0,09 «0270 -01.0 ] -0.20 «0211
=01s9| 0s12 | +0499] | ~01.9| 0,50 | .0336] | -02.2| o0.61 [ 0271 [-02:0 ] ~0s17 | .0211
~02.9] 0415 | +0499| | -0249| 0Oe66 | 40336] | ~03,1] 0439 | -0271] |-03+1 | -0.03 | .0212
0243] 0420 | 40499} | ~0440] 0,20 | +0333) | -04.,2] -0,07 ] .0268 02,31 0.01 #0212
03.3{ 0.02 | .0499 02e1} 1,00 | 0337 02.3| 0.26 | «0269 03+4 | 0414 | 40212
04s4| 0.25 | +0501 03.2}) 0.48 | <0335 03.4| 0462 | <0270 Odet [ 0al6 | #0212
05.4| 0414 | 40498 04s3| 0,00 | 0326 04e5| 0421 | 0269 0545 | 0401 | +0212
07.6| 0.18 | +0500 0545] -0.09 | +0331 05.6] ~0.06 | «0267 0645 | =0s14 | .0212
06.8| ~0,20 | <0267 07.8 | -0410 | +0211
M = 0,80 M =110 = 1.50 M= 2,20
- 01.0| 0.14 | .0309
ooia) 2000 | 13403 | o0e1| olos |los0e|| o1.1] -0.13 | .02e0f | 01e1]-0u12 J.0197
0 ~01.0( 0,20 | <0309 0040 | ~0.14 | «0240 0040 | —0412 [ 40197
Toonal Zomor | 5a05| | -02e1] ouse | .0310||-0101| -0i12 | 0241 | [-02+0 | -0.28 | .0197
0201 —0.01 | 04031 | “03e1| ous0 | -0310||0z2e2| —0u0z | soz42 0202 | 0416 |.0198
0304 =0.00 '0“83 02.2| 0.92 | t0311][-03:3| ois0 | c0243 0343 1 0.13 |.0198
8§:Z 8:33 :8202 03¢2| 0437 | «0309]| 0240 -0.05 | c0241 04¢4 1 0.00 |.0197
04.5| 0,04 | «0406]| 0%e3| -0,04 | «0306]| 0345 0.12 | c0242 0544 | =0,03 | .0197
05¢5| 0.04 | .0406|| 05¢5| =007 | 40304 | 04.6| 0.67 | +0264 07.7 | =0.15 | .0196
05.6| 0.20 | .0243 08.7 | -0.22 | .0196
M = 0.50 M =1,20
M«1.70
01.3| 0,15 | .0360 01.2| 0.01 | .0284
00.3| -0,02 | .0357 00,2 0.10 | .0284 01.1] -0.15 | .0227
-00.8| -0.03 | .0358}]-00.8] 0.11 | .028% 00.1} -0.14 | 0226
-01.9} -0.12 | «0358} }-02.0| 0,14 | .0285{[-01.0] -0.18 | .0226
~02+9} -0.04 | .0359)}~-03.1| 0,21 | .0285]||~02e1]| -0.10 | 0226
01+3| -0.00 | «0359 024 | Ool& | o0284||=~03.2] 0.19 | .0227
02.4| =0.02 | <0361 02.4| 0,18 | 0284 0243| -0.04 | <0225
03.4| -0,01 | «0360{]| 03.5| 0.84 | .0284 03¢5| 0.16 | <0226
04¢5] 0.00 | .0360]] 04.4) 0.52 | <0285 0445] 0427 | -0226
05.6| —0.03 | .0358] | 05.5 [ -0.02 | <0282 0546 | =0.02 | .0225
0647 | -0.16 | »0282
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TABLE II.- DAMPING-IN-PITCH DATA - Continued

—————————

Truncated cone without tail cone: center of moments at 1.982

o [omgroms | & o |Cngtm | & o | oo |k i [ CngOn; |k
M= 0,65 M = 1,00 M= 1.30 M= 1,9
00.0% -0433 | «1001 00.0 | ~0.28 | .0678 0040 | 0,42 | +0549 00s1 | ~0454 | 0424
~-00.8]| -0.,20 «1002 -00e9 | -0421 20679 -00.9 | -0.40 <0549 —0140 | ~0.51 00421
=01e9] -0431 } +1003} | -01e9| -0.,15 [ <0681 )| ) ol 0,47 | 0550 |-0240 | -0.09 | e0421
=02.9| ~0430 | +1001f1-0249| ~0,00 | +0680} | 55 g1 _o7ce | 0548 ) |-02.8 | -0.53 | .0u21
Olel] 0407 | «1001 01.0} 0,00 | .0680 01e1 | -0.20 | 20549 O0lel | 0.04 | .0423
02¢1} 0407 | 01003 0240 | 0419 | «0681 0201 | 0416 | «0549 02e1 | =0.00 | 40420
03e1] -0.04 «1000 0361 0430 «0678 03,2 | ~0421 « 0547 03e1 | ~0,11 «0420
06e1] ~0418 | .0992 O4e1 |} 0431 | .0673 04el | ~0413 | +0545 04l | =0421 | 40420
09e2| -1e442 « 0985 05.1 0.03 «0676 0542 | 0400 <0545 06e2 | ~0441 « 0419
1261 ] -2405 «0983 0662 | =0429 20673 0662 | ~0426 <0545 093 | ~1.49 «0418
1542] =1489 | «0984 09¢3 | ~0.95 | «0670 0943 ] ~0.63 | 0545 12¢2 | ~0.64 | <0420
1842 1479 | 40988 1243 | 0,81 | <0674 1243 | -=0.42 | 0550 1543 | 0426 | <0623
15¢3 | =0.62 | <0680 15644 | 0.23 | 0551 1842 [ ~0,07 | 40426
M = 0.80 1844 | ~0.38 | .0679| | 15,4 | -0,22 | .0553 M =2.20
00.0] ~0.26 | +0823 M = 1,10 M = 1.50 0040 [ 101 | <0394
-00.94 -0.11 | +0824 -0049 | -0.16 | +0394
=01e9| -0617 «0824 00,0 | -0,33 « 0627 00el1] -0.66 «0697 ~01.9 | -0.36 «0394
~0249 | ~0s22 «0823] [ ~00.9 | —0.21 «0630 -00+9] ~0.61 0497 ~02.8 | -0.47 20394
Olel 0,07 <0828 -01+9 | ~0.15 «0629 -01le9] -0.61 «0497 0lel 0.19 +0395
02.1 0,06 «0828| | —02.9 0,02 0629 ~03.0| -0.54 « 0498 0241 019 .0395
03,2 0.01 «0829 Olel 0.01 +0630 0lel] —0440 +0495 03e1 0.05 0394
04011 -0.15 | 0823 02,0 0,15 | .0631 0242f 0438 | +0495 04el | ~0.22 | 0393
06el| -0420 «0822 03.1 0.28 +0626 0362] -0e40 +0495 06e1 | ~0453 «0391
092 | -0.94 «0819 0440 0435 «0625 04e2) ~0.23 +0494 092 | ~1449 20391
12421 -1.09 1 +0820( [ 05.1 [ 0.14 | .0625 06e2] ~0,48 | <0496 1 15,5 | 2,54 |.0390
1562 | -0.93 «0826 0661 | ~0.23 00621 09¢3] -0465 « 0497 15¢3 | -0.53 .0395
18.2| -0.86 <0827 09.1 | -0,83 0619 1242] -0447 «0498 18.2 | -0.10 0397
1243 | 0,80 | 0623 }g-; -g-gg -328;
M = 0.90 1543 | -0.49 | 40628 «3] -0, .
00.0] -0.16 | +0737 1844 | 0432 | 40632 =170
~00s9 | =0415 | <0741 M =1.20 .
_g;‘g _8’2: +0738 0001 | 0437 | <0449
. . «0739
01el 014 0742 000 | ~0,20 «0585 ~00.9 | ~0e48 20448
021 0416 0742 ~00.9 | -04124 +0585 ~01e9 | -0.45 20449
0361 0,02 0740 -01.8 | -0.,19 «0585 ~02+9 | -0.37 « 0449
04s1] -0416 [ «0734 [-02.8 1 -0.43 | .0580 || 0le1 | -0.08 | +0450
06e1 1 —0.28 1 073511 01.01-0,03 | .0583 Saed i BeUU 1 40450
09.2 | -0.92 L0732 0241 ] ~0.04 0582 0342 0.03 « 0450
122] -0.79 0738 031 | ~0,02 +0585 O4e1 0s12 « 0449
. .
15¢3 | -0.45 0742 0441 | 0,20 | »0581 0602 | -0425 +0449
L] L] L
18¢3 | =0469 | +0740| | 0642 | ~0443 | 00577 || 0963 | ~0.88 | 40449
0943 | 1,02 | «0575 1262 | =037 | #0451
12.3 | 0,66 <0580 15431 -0.09 «0453
15.4 | -0430 | 0584 18.3] 0400 | <0455
1844 | 0,20 | <0585
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(n)

TABLE IT.- DAMPING-IN-PITCH DATA - Continued

W,

Truncated cone without tail cone; center of moments at 2.492

a Cmq’C"‘& k a C"‘q’cma k a cmq’C"‘& k a I cmq’cm(; k
M = 0,65 M=1.00 M =1.30 M =1,9
- 00.2] -0.31 | <0435
o0t 2| Touis 1 o0ssl | 002 [~0.27 [.0547 | |-00%8 | “0i25 | o43s oora |52 | 9228
~01.8 ) -0421 | +0807] |700+8 | =0409 [ <0549 | |~01.8| =034 | <0434 0149 | -0.52 | c0338
-02.8| -0421 | 40807| |701¢8 | -0406 [.0548 | [~02.8( 0433 | c0435 | | 750 | Ze2s | 2 220
o1.2| -0.05 | .os07| |-92.7 | 0s16 |.0549 0143 | ~0415 | +0435 01+2 |-0016 | 0339
02.2 | -6.00 | 0808 | 912 | 0.06 |.0549 02.3 | =0.12 | +0434 0223 | -0.09 | 20339
03.3 | -0.08 | <0809 ] 02.2 | 0.32 |.0548 03¢4 | ~0.04 | <0434 03v4 | —0.26 10337
0603 | 0,03 | «0807{ | 03¢3 [ 0.63 {.0546 0404 | 0,29 | «0433 04st | -0.31 | e0337
0944 | ~1.02 | +0802 0403 | 0454 |«0538 0545 | —0404 | «0433 0624 -o.us '0336
12.5 | ~1.83 «0798 0544 | ~-0a.13 «0544 065 | —0441 «0432 09.6 _'0'.,8 '0337
1504 | ~0.64 | 0804 06e4 | ~0.37 | .0541 09.7 | -0451 | «0434 12'6 —0.52 '0338
18.5 | ~0.22 | <0808 0945 | -1.11 | .0541 12,7 -0.29 | «0437 15.7 | -0027 | s0341
1247 | -0496 | +0541 15.8 | -0.14 | <0439 1807 | -0015 | c0343
M = 0.80 i:.; —g.g; .o:;g 18+9 | ~0e14 | «0439 * ¢ *
*9 1-0. -0 M =220
M =1.50
_oo.8} Tou3e | soces M =1.10 00.1| -0.59 | .0316
-01.7| -0.19 | «0662 al- . 00.1 ) -0.79 | 0386 | | ~00+8| -0.32 | .0317
-02,8| -0,19 | +0664 _gg.; _g:i: .gzig -00.7| -0u62 | 20387 :g;.: -0s64 | 40317
: . ‘oees| [-01+8 [ -0.09 | .0515 | ]|-01.9] -0.59 | .0388 +8100.53 {0315
0243 0401 | w0665 |7 o0 [ 70e e | 20512 | {-02.9] ~0.46 | .0390 01s2 | ~0.05 | «0317
03,3 -0.,00 « 0667 ~03.8 0,63 .0513 0140} -0450 <0388 0242 | ~0,10 «0316
06e4 | -0.09 | «0663 0102 | —0c02 | 20512 02,0| -0.34 | <0389 0343 [ ~0.25 | 40315
09¢4| ~0e79 | <0661 02:2 | o023 | los11 03.5 | -0.,07 | <0390 04e3 [ ~0.39 | <0314
1206 -0.70 ) L0665[ | 5°S 0 el | 2000 04.4| 0.03 | 0390 0643 | —0.52 | «0314
1545 | -0014 | c0673] | 2| o028 | los0s 0645] 0,07 | .0392 09+5 | -1.87 | «0313
1845 | ~0408 | +0675) | o2*2 | 5005 ) igs0e 09471 ~0.58 | +0394 1264 | 1471 | «0314
0644 | -0439 [ 0503 ]| 1247] -0.19 | .0395 ] 156 ]-0.52 {.0316
M= 0.50 0946 | =1.32 | <0499 ]| 15.8] ~0.12 | .0397 186 | -0.23 |.0317
1267 | -0.93 | «0503 1849 | ~0s11 | «0398
oo B] B9 1 5235 | 15.8 [ -0.83 | .0507
o1l -0t01 | Sonoa 18.9 | ~0.28 | 40511 M=1.70
-0248| 0.00 | «0593
01.3| 0.15 | .0594 M= 1,20 00+1 ] ~0.49 | 0359
0243 0.17 «0594 -00.7 | -0.39 «0358
0343 0.08 «0592 0062 | -0,10 « 0464 -01e7 | 0,48 «0359
06s4 | =0429 | «0590[ [ =0047 | =0.03 | <0466 |=02+9 | —0434 [ 0359
0945 | ~0.95 | «0588) | -0148 | 0,07 | 0466 01421 -0.,24 | +0359
12¢6 | =091 | 405951 | -02.8| 0.04 | <0465 0243 | ~0416 § 0359
15¢6 | =0.06 | .0604! | -03.8| 0.15 | .06466 03,3 | -0411 | <0359
186 | ~0449 | 40602 | -0540 | -0.08 | +0465 06e5 | 0426 | 0359
~0549 | 0436 20464 09.6 | ~0.53 «0361
Ole3 0,02 « 0466 1247 | -0.43 «0363
02¢2 |} ~0401 20465 15.8 | -0.,13 «0364
0343 0.06 <0465 18.8 | -0.12 20367
O4et | —0413 | 40462
0545] 0434 | 40460
06e4 | ~0.19 | 0461
0946 | ~1.68 | 0459
1247 | =0.23 | «0465
1548 | 0434 | 0467
1849 [ =023 | +0469

1A NY e



TABLE ITI.- DAMPING-IN-PITCH DATA - Continued
(0) Truncated cone with small tail cone; center of moments at 1.982 1

C. +C..
a C"'q*c"l& k a Cmq*cm& k a cmq*cm&L k a 1 mq mul k

M= 0,65 M= 1,00 ¥=1.30 M=1.9
0041 | -0443 «0516
00.1] -0.48 | .0940| ] 00e1 [ =001l } 0643 )1 o575 | 0235 | .o517 908 o 10380
~00s7| 0400 | c0942] [-009 | 0400 | 0640} |5y o[ -0,35 | .0518 ool o |
~0148] ~0,08 | ,0940f |~01e9 | 0438 |406321 | o5 9| 5,27 |.0517( |01 . <0398
- - ~02e8 0.81 20632 - =-02+9 ! ~0.41 « 0397
02.8 | 0,10 | 0952 01,2 | ~0.10 | .0518
0lel | 0437 | <0632 - 01.2 | 0431 |.0399
012 0627 «0950 02,1 0.06 «0519 0201 029 0399
0241 | 0,29 | «0951] | 0261 | 0483 [40631}{ 5375 ] 4005 1.0517 . . =039
03,1 0,70 20634 0362 0,08 «0397
03.1) 0.12 | .0951 04,2 | 0043 | .0516 oaet | -at5e 0396
O04el ) 0e11 [ <0984 04s1 | 0406 [406381 ] o551 5,36 |.0516 . . .
- 0601 | —0e30 00635 06e2 | =0443 «0396
0641 | =001 | +0945 0643 | 0,51 |.0515
09.1 | 0459 | +0633 09.3 | ~0.95 ].0396
0942 | =1.16 | 40940 . 0943 | ~0449 | 40516 -
- 1243 | ~0.76 | «0626 1243 [-0.73 | .0398
1241 | 1463 | 40936 1243 | =037 |.0517 1503 | 013 0400
1501 | =1.69 | 0935 | 1564 | =0.52 10638 || 1o 0 | _5 74 1.0520 1003 |Zocos | ioad9
1842 | =156 | 40938 1804 | =050 [ 064111 15,4 | -0,09 |.0523 . . .
M= 2,20
M = 0,80 ¥ =110 M =1.50

00.0 0,20 «0374
001 |~0,23 0591

- 00.1] ~6.7¢ | .0a70) | -0049] o0.08 | .0374
—ooss | Sua2 toa0 | [-00e7 |-0.01 L0593 [ ] 000 -0.86 | <0469 | [-01.9 | -0.12 | .0373
o1, o 07801 |.01,9 | 0.34 |.0595 “o1es | -ous3 | toana | 1-0ze7l~0i30 | lo322
Toaol 901 L0780 102,7 | 0,87 |.059 Tozio| Zotas | oem o1.1] o035 | lo3tz
“otez | Touas | 10782 | 0102 | 0.29 J.0354 012 -0227 | .0u70 || 021 o0.28 | .0370
. . 078y || 021 | 0a79 i0594 . . 0341 [ -0,00 |.0370
02.1 | 0.33 |.0782 02.2 | ~0422 | +0470
oaea | 922 - 03.0 | 1,06  [.0594 [ | 02:21 ~8e22 | -0470 | | (000 ) Zomle | ioses
o2 .1 *0780 11 0441 | 0411 |.0591 0ar2 | “ocoa | coues 09:3 | ~1.3¢ | 6367
Soe2 [ 7006 | 0777 || 0641 |-0.22 |.0586 0603 | <0055 | 20470 12,21 -1.70 | .0368
0513 1 Zouis | 077611 0903 10,66 [.0586 . . . 1503 [ =0u44 | 40371
09.3 | 0,78 |.0771 “oi70 |ioess 09.3| -0.53 | 0470
12.2 [ ~0.97 0773 12.3 * : 1243 ] -0.38 | +0472 1842 | ~0.17 | .0373
° N N 1544 [-0440 ].0590 1504 | —0.18 0474
1302 1-0.72 [+0779 | | 15,4 [-0.28 [.0554 . . 0hTe
1842 |-0.55 {.0779 18eb | =0,09 | +0
M=0,9 M=1.20 M= 1.70

0041 | -0.02 « 0697 00.1 | =0,00 #0552 00.1] ~0.38 «0424
-00.9 0.12 «0699 | 1~00.8 0.17 +0553 -00.9 1 0451 «Q423

-01l.8 0.09 «0696 ~01.8 0.19 0552 ~01+9] —-0.04 «0423
~02.8 0.05 «0697 -02.8 0,30 +0551 =02.9] -0424 «Q424
Qle2 o4l ~0700 01.1 0622 0552 0ls1] -0.02 «0425
02.1 0.4l «0698 0262 0e26 «0552 Q2.1 C.13 + 05420
03.2 c.18 0657 03.1 0.26 «0550 03.2 0.33 +0425
0441 | ~0403 «0693 0442 0.10 «0546 0441 0.12 «0623
0642 | -0,19 e 0694 0642 | -0.58 «0543 0643 | —-0.37 +0423
0943 | =0,76 <0691 09¢3 | ~1.06 «0544 09+3} -0.65 0624
12+2 | -0,58 «0696 1243 | 0454 20548 1242 -0435 «0425
1543 | ~0,16 0698 154 | -0428 +0552 1543 -0.05 «0428

1842 |-0426 +0701 1843 | ~0,13 0552 1844 0.05 20430




3k

) TABLE II.- DAMPING-IN-PITCH DATA - Continued
(p) Truncated cone wilh small tail cone; center of moments at

+i .
o [Omgmg k a C”qocm& k a C"‘q’c”ﬁ k a I Cmq’cm& I k
M = 0.5 M = 1,00 M = 1.30 M= 1.90
00.2] =0.11 | .o759] | 00+2 ] -0.13 J.0507 [} 00.3]-0.54 |[.0406 00e2 | =0.75 | 0315
-00.7 0.1l 0762 ~00e8 } -0414 « 0506 ~00+8 |} —0455 « 0405 -00e7 | -0,17 0315
Toro7| <0m06 | to7es| |-01.81 ©0us6 | .0511 [ -01.8 f-0.58 |.0406 1] 01,7 ] -0.30 |.0314
Z02:7| “ocoe | co7es| {=0247] 1415 |.0510]}-02.7]~0.28 |.0405 || 02.8 | -0.51 | .0314
01e3 0e32 0763 Ole4 0.62 «0511 0le4 | =0462 «0405 01.3 | -0.15 0314
0243 0622 0762 02.3 1.25 #0511 02.4 | —0.33 «0405 023 | -0.12 0313
03.4] 0420 | .0760| | 03¢3| 0s62 } .0508]] 03441 -0.02 | .0405 03.4 | =0,42 | 0313
0463 | ~0.04 <0759 04.3 | -0.35 «0503 0645 | ~1.02 «0403 06+5 | -0.78 20312
06e4 | 0,05 | 0758 0645 [ 0455 | «0504 097 | ~0.66 | 40404 0946 | ~1.66 | <0313
0943 | ~0461 | 0756 0946 | =0.85 | 0502 12,7 | -0.55 | .0407 1246 | 0466 | +0315
124 | =0484 «0756 1247 | -1.02 «0503 159 | -0.29 « 0409 15.8 | =0.36 «0316
1505 | —0.42 | 20733 |s| 15+8| -1.23 | +0507{| 1849 | -0.21 | .0410 1848 | -0.18 | «0317
18,5 | -0.16 | +0757 1849 | —0.44 | <0508
M = 1,50 M= 2,20
M = 0.80 M= 1.10 00.2 | —o
00e2 | -0.90 | .0360 +21 -0.54 | .0294
00s2| 0.04 | «0625| | 00,2 | ~0.23 |[.0478|]-00.8 | -0.91 [.o0361 [[Z30:7 ] 20.20 | .0254
~00.6 | 0401 | <0625| [-00.8 | 0.00 |.0476||-01.8 |-0e75 |.0362 | |Z01:7]-0.%1 {.0254
-01.7| -0401 [ .0625| |Zg1.7 | o0.51 |.0478]|-02.8]-0.55 |.0362||702¢7[70.62 | .0293
-02.7[ ©0.02 | .0626} | 0207 | 105 <0478 || 01e3]-0i71 |.0362 || 91e3[0.15 |-0293
01.3] 0418 | .0626!| 0103 | 0.23 |.0a74 || 0204 -0.50 [.0362 || 92:3}-0.28 | .0293
gg:g g-fz -ggg: 02+3 | 1404 |.0477 03.5 | ~0.10 | +0363 82'2 :g°:3 '0593
03.31 0.1e | w06 03:3 | 0.74 |.0473 04¢5 ] =0414 | +0363 ooea ! #0291
. . «0623[ | 0443 {-0.36 |.0471 || 06s6] —0u65 | <0365 9451 -1.66 | .0290
0544 § -0.04 | «0620 0645 | 0475 0467 097 | -0.56 | +0366 12.5 | -2.08 «0291
0604 | 0,09 | 20621|| 0946 |-1.22 ].0467 ]| 12.8] -0.55 | 0367 1546 | 0453 | .0293
0945{ -0479 | <0618 12.7 [-1.03 |.0468 || 15.9| -0.40 | .0369 1846 | =0.56 | +0294
1206 | -1423 | 0619 1529 | -0.76 | <0473 18+9 | =026 | 40371
1546 | -0437 | <0628 1940 [ -0.45 |«0474
18461 0406 | #0633
M= 1,20 =110
M= 0.5 002 1-0 00.2} -0.53 | .0332
00.3 ] -0.01 | 0555 [_p0n7 0'?1 ‘8:22 -00.7 1 -0.52 | 40333
-00.8 | ~0.16 | 0552 [Co107 | ot3e |:oase | |70L°8 | Z0s36 | .0333
01,7 0431 [ .0554| |Zoave | 0ias |oass | | 70208 Z005 | .0334
-02¢7 | 0.61 | «0552]| | 0104 | 0.00 |.ou3s 0144 —0433 | 40334
01e3 ] 0441 | 40554} 02.3 | 0.07 |.0433 02431 -0.12 | +0335
02e3 | 0437 | +0555) | 03.3 | 0.23 |.0433 03¢5 0s14 | 40334
03.3 ] 0.26 | .0553 04.3 |-0.32 0431 Obea [ -0,08 | »0334
04e3 | =0.08 | «0550| | ggu5 |-0.96 ‘0429 0665 | ~0.48 § 0334
06e4 | —0,50 «0549 09.6 _1’41 '0425 09¢6 | ~0454 «0336
0945 | -1.02 w0548 || 1575 120785 | lous 1247 | 0046 | 40337
1246 { 1428 | 0552 loce 120%a: '0432 15.8 | -0.26 | «0339
1547 0,00 «0558 19.0 -0.44 '0438 18.8 | ~0,21 «0341
1846 | -0,19 | 0560 * °

=0 N



TABIE IT.- DAMPING-IN-PITCH DATA - Continued
(q) Truncated cone with large tail cone; center of moments at 1.982 1

N R N o |onom | o o | . Iﬁch’Cm& l N
M = 0.65 M=1.00 M=1.30 M=1.9
00.9] 0.16 | 0899 00.8 [ 0.20 [a.0608 0042 | =0,29 | .0483 00.2 | 04,19 «0376
01+9] 0439 | <0901} [-00e41 } 0424 | .0607 0042 | ~0.12 | «0484 -00.9 | -0.03 «0376
02.8] 0416 | 40902] |-01el | 0466 | 0608 | |-00,9 | ~0,24 | .0482 ~01.9 | -0.,12 «037%
03.8| 0,13 | .0893] [-0241 | 0469 ! 0607 | [-01.8 ) -0.22 | .0484 ~02¢9 | ~0.23 | 0374
04¢9| 0.00 | .0892 0148 | 0495 | <0607 | {-02.8 | ~-0,29 | .0483 0le1} 0,26 | .0375
0648 | -0,27 | +0889 0248 | 0478 |+0606 01.2 | ~0.05 | e0u83 0242 | 0419 | .0374
099 | -1.42 | «0888 0348 | ~0431 | +0600 0242 | 0407 | .0084 03.2 | 0,00 0373
12.8| ~1.13 | .0884 0449 | ~0458 | +0601 03,2 | ~0.09 | .0483 0643 | —0.82 «0370
159 -0.81 | .0889 0649 | ~0.55 [.0600 04s3 | 0,19 | .0481 09¢4 | 0,68 +0373
19.0 | -1.28 .0886 1040 | ~0.76 «0596 05.3 | -0,34 «0482 1263 { -0,47 «0374
~00e2| 0407 | 0894 13¢1 | =0475 | 0598 0642 | ~0451 0482 1544 | ~0.02 «0376
-01.0| -0.09 <0894 0944 | =0,27 «0483 1843 0,32 «0379
-02.,01 -0.26 +0894 Me=1.10 12.3 | -0.23 «D48%
1545 | 0.08 | +0487 M= 2,20
M = 0.80 0041 | 0s05 |.0559 || 183 0e15 ].0450
~00.8 | 0.28 | .0558 00.1 | 0446 «0351
00.8| -0.06 | «0741| [-01.8 ] 1.02 |.0560 M= 1,50 -00.8 | 0.85 #0352
~00+1| 0408 | +0737] |-02.7 | 0.46 [.0558 ~01.8 | 0.18 | «0351
-01e0 0425 «0736 0142 0.63 «0556 | | ~00.8 | =037 «0431 —-02.8 | -0.29 +0349
~02¢1)] ~0419 | <0738 02,1 1419 l.o558 | }-01.8] -0.37 | 40433 0l.1] O.61 <0350
0148 0440 | #0736 0342 | 0el4 | e0554 | §-02.8] ~0.32 | .0434 02.1 0,40 20349
02.8 017 0737 04e2 | 0413 «0556 00.1| -0,.52 . 06431 03.2 1 -0,05 «0349
0349] 0.07 | +0735 0642 | ~0.20 |.+0555 01.2 ] -0.11 «0633 0662 | ~0.49 | +0347
04e6 | -0420 [ <0731 0943 | ~0,38 ].0554 02,21 ~0.05 | <0434 093 | ~0.87 | .0346
0648 | ~0.33 0732 12.3 [ -0.51 « 0554 03,3 0.05 «N433 1243 | ~0.83 «0347
1040 | -0.86 | «0732 1545 | 0,17 ].0556 04.21 0.05 | .0432 1543 | -0,10 «0349
1249 | =102 | «0732 1845 | -0.13 |.0557 05.3] -0.22 | .0433 1843 | 0417 | «0350
16401 -0.61 ] +0761 i8e5 | 0,07 [40557 0643 ) ~0.39 | «04234
1940 | -0.77 | «0743 09.4 | -0.36 | «0435

M« 1,20 12,3 —0.16 | 0436
M =0.9 15,41 0.05 | 0439
00,0} 0.26 | +0516 18.5] 0.09 |.o0440
0045 ~1.25 | +0659] [-00.7 | 0,47 |.0516

0045 0.13 «0660| }-0148 1 0,50 »0518 M=1.70

-00e1| 0.32 | .0657]|-02.7 | 0.12 [.0516

-01lel 0.05 <0657 ~03.8 | -0.03 «0517 00.2) -0.

-0241] ~0,13 | +0657] | 012 | 0.43 |.0518 )} 44 4 —g.f; :g:gg
01.8 | 0447 | 00659 | 02e2 ] 0086 14051711 g5 0l 5 50 1 G290
02e8 | 0441 | «0659) ) 03.2 | 0437 |.0516 01.3] 0411 | <0400
03¢9| 0.02 | 40655 0442 | ~0432 | 40513 02+2] 0.31 | .0400
0448 | ~0,20 | 40652 0642 | =0467 | «0511 03.2] 0.28 | .0399
0649 | -0.40 | 0652 0943 { -0,65 | «0511 04s1| 0,13 | .0398

1040 | -1.02 | +0651 12.4 10438 ] .0515 05.3| -0.34 | «0397
1340 | ~0.72 | 0654 1544 1 -0,04 | 40517 0643 | -0.22 | .0398

1845 | 0.10 | +0520 09.3]| -0.51 | L0399
1243 | -0.18 | 0401
1544 | 0412 | .0403
1844 | 0,24 |.0405
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TABLE IT.- DAMPING-IN-PITCH DATA - Concluded
center of moments at 2.492 1

m

)

(r) Truncated cone with large tail cone;

o |Cmg*omg X a cmq*cmc.l X a cmc;c,w1 X a Cmq'c"a l N
M = 0,65 M = 1.00 M=1.30 M= 1.9
_ggog g-gg -g:gg 00e3 | 0477 | o047s 004 | -0,65 | #0379 00e4 | 0.49 | <0294
2002 S:a6 | 296%5) |-00ue | ouse | .0a77||-0046] <0057 | .0380 | -00.6| 0.50 | .0294
_02.6 0.10 -0699 —01e6 | 1.46 | 00477} |-01e5] -0¢54 | «0380] | =01.6| 0,05 «0293
928 9210 | 206291 | ~02:.6 | 0.91 | <0476 | [=0205| -0.56 | 03791 | -02.7] -0.34 | 0292
o131 0.74 -3693 01e6 | 1.51 | .0a76|] 01e5]| -0.33 | c0379 0le4| 0451 | <0293
03-4 0.68 ‘0696 0243 1426 0474 025 ] 04,40 «0378 0244 0l.11 «0293
04.14 0.38 .069 03¢4 | ~0.02 «0471 03.5] -0.30 20379 03¢5} =0426 20291
0uru] 0.38 .0702 06:6 | —0.66 | voa70|| 04¢5] 0.04 | <0378 06e6| -0428 | «0291
03.4 0032 .0690 09.7 | —-0.66 | cosee || 05.6] -0.81 | 0377 09.7] -1.39 | .0292
0944 | 0.4 .0692 12.8 | ~0.97 | c0ses || 06+6] -0067 | «0377 1246 ] 0430 | .0294
ool Zotea 0697 15,9 | 0,94 | .0472 ?Z-g ‘g-gg -gg;? 15.9| 0413 | <0295
. . . oz 9 - . 0.34 97
1806 ~0.24 | w0700| | 1%°0 1 -0s16 0476 (000 0i12 | 20383 18.81 0. w02
19.0] 0.00 | .0385 M = 2,20
M = 0.80 M=1.10
. 0043 | -0.03 |.027
0043 0.37 «+0578 00.3 0.31 «0439 M= 1.50 -00:6 0.76 .3572
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(b) Dynamic.

Photographs of sharp cone mounted on static and dynamic stings.
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